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SECTION 1
INTRODUC™ 1ON

The Earth Resources Technoiogy Sateiiite
(ERTS) program is a majr- first step in the
merger of space and reniote sensing techno-
logies into an R&D system for developing and
demonstrating the techniques for efficient
management of earth’s resources. To establish
the feasibility of these techniques, NASA will

launch two experimental satellites into orbit:

ERTS A in 1972; ERTS B, during the
following vyear. ‘Each will acquire multi-
spectral images of the earth's surface and
transmit this raw data through ground sta-
tions to a data processing center, at the NASA
Goddard Space Flight Center, for conversion
into black-and-white or color photographs
and computer tapes to fulfill the varied
requirements of investigators and user agen-
cies. In addition, ERTS systems will collect
environmental data from remote, earth-based
instrument platforms and relay this informa-
tion to the data processing center at Goddard
for final processing and dlssemmatlon to

investigators.

The role of the ‘user” is an integral and
indispensable part of the ERTS program.
investigator's experimentation with, and anal-
ysis of, the ERTS data products is the only
meaningful route to developing and demor.-
strating the utility of data acquired by satel-
lite systems of this type for use in earth
resources management. Future operational
earth resources satellite and data system
requirements will be derived from investi-
gators' experience with ERTS A/B data.

This handbook has been designed to satisfy
investigators’ needs for pertinent and suffi-
cient information about ERTS data products,
and how to acquire them. The main body of
the handbook provides information required
by all investigators. The appendices provide
more detailed treatment of topics required by
many investigators to varying degrees. A brief
description of the section contents follows:

Section 2 ERTS Program Description
Provides a concise explanation of the

1-1
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total ERTS system and its mission. An
overview of the various major system
‘elements and their characteristics, the
-observatory, payloads, orbit and cover-
-age, ground facilities and services availa-
ble to investigators is included in this
‘section.

Section 3 Output Data Products
Provides a detailed description of each
type of data that is available {o investi-
_gators, with information on data format,
content, annotation, and pertinent
- characteristics.

Section 4 User Services

Provides a discussion of how ERTS out-
put data products are obtained, and what
catalogs, listings, facilities, and other
materials and services are available to
assist the investigator in identification,

—~ -... i m P Ay P

selection an u use of these proGuchs.
APPENDICES

These provide in-depth treatment of selected
topics considered to be of special interest to
many investigators. These topics are:

A. Payload — Describes equipment,
characteristics, and operating modes
of RBV (Return Beam Vidicon),
MSS (Multi Spectral Sensor), and
DCS (Data Collection System) pay-
loads.

B. Observatory — Describes spacecraft
configuration and subsystems which
control and support payload and
mission activities.

C. Ground Stations and Ground Com-
munication — Describes STADAN
(Space Tracking and Data Acquisi-
tion Network) and MSFN (Manned
Space Flight Network) stations sup-
porting the mission and the transfer
of data between those stations and
the GDHS (Ground Data Handling
System) at Goddard Space thht
Center.

D. Operations Control Center — De-
scribes the function performed by
this facility in planning and conduct-

ORIGINAL
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INTRODUC TION
APPENDICES

ing the flight operations and iis role

‘in the collection of payload data.

"~ NASA Data Processing Facility -

Describes the conversion and correc-
tion of raw video tapes into useful
photographic and digital tape pro-
ducts. The different types of process-
ing within the NDPF are considered

" .and the equipments  that perform

ARIGINAL

these processes are described.

System Performance — Describes the
expected quality of the various
imagery and data tapes principally in
terms of resolution, geometric accu-
racy and radiometric fidelity.

Data Calibration — Describes the
source of data and application of the
corrections made to the data pro-
ducts prior to distribution from the
NDPF.

Film and Developer Characteristics —
Describes the intermediate and final
film products and their processing
characteristics.

Orbit and Coverage — Describes the
orbital constraints on the collection
of data, the systematic coverage
which results, and the time at which
images are collected.

Orbit Control — Describes the pro-
cess of establishing and maintaining
the desired orbitai coverage and its
limitations.

Mission Planning — Describes the
system used to obtain the maximum
amount of useful data within overall
system constraints and environ-
mental conditions.

Sun lllumination — Describes the
earth illumination conditions and
their variability with latitude and
season of the year.

List of NASA Principal Investigators
— Provides the names of the prin-
cipal investigators selected by NASA
and their planned field of investiga-
tion.

Sample Products — Provides samples
of imagery and calibration data avail-

able prior to launch of the space-
craft.

Acronyms, Glossary and References
Provides suggested reference materials for
further treatment of selected topics; a
definition of terms used throughoul this
handbook which may require explanation
to avoid misinterpretation; and a list of
-acronyms frequently used to minimize
repetition of multiple-word titles.

Development of the ERTS Observatory and
the Ground Data Handling System is proceed-
ing concurrently with preparation of this
handbook. Consequently, the document is
bound in loose-leaf form to facilitate con-
tinuous updating. Each page is identified
in the lower outside corner as an original
or a revised page (including the revision
number and daie). New or changed informa-
tion affecting investigators’ participation in
the program will be issued periodically. A
change bar will be printed in the left-hand
margin, opposite revised information. Sample
data products of the Ground Data Handling
System, produced during system integration
and testing, are provided in Appendix N of
the handbook. In many cases, this data will
actually be products of calibration tests;
hence, they will serve a dual purpose of
providing ERTS product samples, as well as
calibration data relative to ERTS products.

Distribution of this handbook and subsequent
update material will be made in accordance
with a controlled list established by NASA.
Each recipient is assigned a control number
for each handbook. To insure rapid response,
this control number must be used for all
ERTS correspondence. For additional infor-
mation or related inquiries regarding this
handbook or its contents, please address all
correspondence to:

ERTS PROJECT OFFICE

National Aeronautics and Space
Administration .

Goddard Space Flight Center

Greenbelt, Maryland, 20771

Attention: Thomas M. Ragland, Code 430
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. SECTION 2
ERTS PROGRAM DESCRIPTION

The Earth Resources Technology Satellite
(ERTS) Program has been designated as a
research and development tool to demon-
strate that remote sensing from spece is a
feasible and practical approach to efficient
management of the earth's resources. The
knowledge gained from the application of
data acquired by the two satellites (ERTS A
and B) will point the way toward develop-
ment of fully operational and more effective
systems for earth resources management.

Figure 2-1 is a photographic reproduction to
match the ERTS 1:1,000,000 scale to give the
user an appreciation of the scale and image
quality that can be expected.

The photograph was made from an Apollo
SO-65 color photograph with three contact
printing stages and two enlargements. It is
estimated that its resouiution, as reproduced
here, is similar to an ZRTS Precision color
photograph. Because ihe picture was made
from a single originai negative, there is no
registration error.

These and other types of ERTS data products
will be used by investigators for developing
practical applications in the various earth

resources study disciplines including agricul-
ture, forestry, geology, geography, hydrology,
and oceanography. With the knowledge gained
from the application of ERTS data in these
and other disciplines over the next few years,
it is anticipated that mankind can realize
widespread benefits.

2.1 ERTS MISSION

To achieve its broad objectives, the mission of
ERTS A and B provides for the repetitive
acquisition of high resolution multispectral
data of the earth's surface on a global basis.
Two sensor systems have been selected for
this purpose: A four channel Multispectral
Scanner (MSS) subsystem for ERTS A (Five
Channels for ERTS B), and a three camera
Return Beam Vidicon (RBV) system. In
addition, the ERTS Observatory will be uti-
lized as a relay system to gather data from
remote, widely distributed, earth-based sensor
platforms equipped by individual investiga-
tors. The data acquired by the total ERTS
System will thus permit quantitative measure-
ments to be made of earth-surface character-
istics on a spectral, spatial, and temporal
basis.

ORIGINAL
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Figure 2-1. Color Composite of »
Precision Processed Image
{of Salton Sea)
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The overall ERTS A/B Sys*em is illustrated in either NASA's Manned Space Flight Network
Figure 2-2. The Observatc.\v carries a payload (MSFN) or its Space Tracking and Data
of imaging multispectral sensors (MSS and Acquisition Network (STADAN). Wideband
RBYV), wideband video tape recorders, and the payload video data is received at one STA-
spaceborne portion of « Data Collection DAN site at Fairbanks, Alaska and at two
System (DCS). The ¢ acecraft ‘“house- MSFN sites: Goldstone, California and the
keeping'* telemetry, tracking, and command GSFC Network Test and Training f[racifity
subsystems are compatible with stations from (NTTF) at Greenbelt, Maryland.

EARTH BASED
DCs
SENSING
COMMANDS PLATFORMS
TRACKING
IMAGES
NASA
ERTS PROJFCT
DCS DATA, HOUSEKEEPING
TELEMETAY, TRACKING \ OFFICE FEEDBACK
DATA, PAYLOAD VIDED DATA
DATA REQUIRE .
ORBIT ~ MENTS
r DETERM. GROUND DATA HANDLING SYSTEM
R \

EMOTE GROUND RECEIVING SITES Nascom  |COMMANDS|  OPERATIONS NASA DATA USER
GOLDSTONE (MSFN) COMMA AND CONTROL PROCESSING EVALUATION
NTTF (MSEN} OMMANDS DTS DCS,TLM CENTER FACILITY
ALASKA (STADAN) ‘Tlgf(-g'-"'. :

BACKUP STADAN (EXCEPT DCS AND VIDEO) - 1
BACKUP MSFN (EXCEPT DCS AND VIDED] ~ PAYLOAD VIDEQ TAPES (MAILED FROM ALASKA AND
«———a GOLDSTONE)
. /—\ R
~
TTF
(AT GSFC) ,
AN ~
\——— - -
Figure 2-2. Overall ERTS System
2 5 ORIGINAL
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' ~ OBSERVATORY SYSTEM

The Operations Control Center (OCC) is the
focal point of mission orbital operations. Here

the overall system is scheduled,- spacecraft .

commands are originated and orbital opera-
tions are monitored and evaluated. DCS,
telemetry, and command data transfer be-
tween the OCC and remote ground sites is
accomplished by NASA Communications
(NASCOM). The NASA Data Processing Faci-
lity (NDPF) accepts payload video data in the
form of magnetic tapes received in real time
at the NTTF Station via the OCC or by mail
from Alaska and Goldstone. The NDPF then
performs the video-to-film conversion and
correction, producing black and white images
from individual spectral bands and color
composites from several spectral bands. The
NDPF includes a storage and retrieval system
for all data and provides for delivery of data
products and services to the investigators and
other data users. Together the OCC and

———

NDPF comprise the ERTS Ground _Dnt-n
Handling Systern (GDHS).

22 OBSERVATORY SYSTEM

The elements of the Observatory system
include the payload subsystems and the vari-
ous support subsystems comprising the space-
craft vehicle. The Observatory configuration
is shown in Figure 2-3.

Control of observatory attitude to the local
vertical and orbit velocity vectors within 0.7
degree of each axis is achieved by athree-axis
active active attitude control subsystem. It
uses horizon scanners for pitch and roll
control, and a gyro-compassing mode for yaw
orientation. An independent passive Attitude
Measuring Subsystem (AMS), operating over a
narrow range of about 2 degrees, provides

SOLAR ARRAY N
—\ )

ORBIT ADJUST TANK

DATA COLLECTION ANTENNA

Sy

ATTITUDE CONTROL SUBSYSTEM

-WIDEBAND
RECORDER
ELECTRONICS

WIDEBAND ANTENNA

ATTITUDE MEASUREMENT SENSOR
MULTISPECTRAL SCANNER

\ S-BAND ANTENNA

RETURN BEAM
VIDICON CAMERAS 13)

4

Figure 2-3. Observatory Configuration
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pit.ch and roli attitude data accurate to within -

0.07 degree lo aid in im .ge location. Orbit
adjustment capability is furnished by a mono-
propellant hydrazine subsystem employing
one-pound force thrusters. This system is used
to remove launch vehicle i jection errors, and
to provide periodic trim to maintain a precise
orbit. '

Payload video data are transmitted to ground
stations over two sideband S-Band data links.
Traveling Wave Tube amplifiers, with com-
mandable power output and shaped beam
antennas, are used in this subsystem to
provide maximum fidelity of the payload data
at minimum power. The two links are identi-
cal and interchangeable, compatibie with data
from either of the two imaging sensors (the
RBV and MSS). Cross-strapping and dual
mode operation with a single amplifier is
provided to assure system operation even in
the event of some hardware failures. Tele-
metry, tracking, and command capability,
fully compatible with both the STADAN and
MSFN systems, is achieved with a subsystem
design synthesized largely from existing hard-
ware and designs used on various NASA
programs.

Electrical power is generated by two inde-
pendently driven solar arrays, with storage
provided by batteries for spacecraft eclipsa
periods and launch. Independent conversion
and regulation equipment is used to supply
payload and spacecraft power.

The spacecraft configuration packages pay-
load equipment centrally in a circular struc-
ture at the base of the spacecraft, providing
close proximity between the payload sensors,
their electronics, and wideband communica-
tions equipment. The three RBV camera
heads are mounted to a comimon baseplate,
structurally isolated from the spacecraft, to
maintain accurate alignment. A superinsula-
tion thermal blanket surrounds equipment on
the circular structure, except for specified
radiator areas, where heat is rejected from the
center section. During minimum operating
periods heaters are used to maintain tempera-
ture levels.

2.3 PAYLOADS
2.3.1 Return Beam Vidicon Camera

The Return Beam Vidicon (RIV) camera
system operates by shuttering three indepen.
dent cameras simultaneously, each sensing o
different spectral band in the range of 0.48 1o

" 0.83 micrometers. Since these are visible

wavelengths, the RBV is operated only in .
daylight. The viewed ground scene, 100 by
100 nautical miles in area, is stored on the

‘photosensitive surface of the camera tube
- and, after shuttering, the image is scanned by

an electron beam to produce a video signal
output. Each camera is read out sequentially,
requiring about 3.5 seconds for each of the
three spectral images. To produce overlapping
images along the direction of spacecraft mo-
tion, the cameras are reshuttered cvery 25
seconds. The video bandwidth during readout
is 3.5 MHz. Orientation of the threc camera
heads is shown in Figure 2-4. '

THREE RBV CAMERAS
MOUNTED IN SPACCCRAFT

185 km X 185 km
{100 um X 100 um)

~

< .
~ ﬁ DIRECTION OF

A FLIGHT

Figure 24. RBV Camera Head Orientation

2.3.2 Multispectral Scanner

The Multispettral Scanner (MSS) is a line
scanning device which uses an oscillating
mirror to continuously scan perpendicular to
the spacecraft velocity as shown in Figure 2-5.
Six lines, with the. same bandpass, are scanned

ORIGINAL
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WIDEBAND VIDEO TAPE RECORDERS
DATA COLLECTION SYSTEM

simultaneously in each at the four -spectral
band for each mirror sweep. Spacecraft mo-
tion provides the along-track progression of
the six scanning lines. Optical energy is sensed
simultaneously by an array of detectors in
four visible spectrai bands from 0.5 to 1.1
micrometers for daylight operation of ERTS
A . A fifth band in the near (thermal) infrared
from 10.4 to 12.6 micrometers is inciuded on
ERTS B. The detector outputs are sampled,
encoded to six bits and formatted into a
continuous data stream of 15 megabits per
second. During image data processing in the
Ground Data Handling System facility, the
continuous” strip imagery is transformed to
framed images with a 10 percent overlap of
consecutive frames and an area coverage
approximately equal to that of the RBV

images.

oPTICS
MSS N

l SCAN MIRROR
6 DETECTORS jw(oscwums
PER BAND J NOMINALLY

=7 vV
| (24 ToTAL) . + 5 8go)

100
NAUTICAL
MILES WIDE

NOTE

ACTIVE SCAN IS
WEST TO EAST

6 LINES/SCAN/BAND

PATH OF SPACECRAFT TRAVEL

When theé RBV and MSS sensors are operated
at locations remote from a ground receiving
station, two wideband video tape recorders
(WBVTR) included as part of the observatory

————— ~d vorars dlana wutdan~n Adalb o

payluau, CIU U)CU I.U ToLuIu uie VIUUl) udtid.
Each WBVTR records and reproduces either
RBV or MSS data upon command and ecach
has a recording capacity of 30 minutes.

.2.3.£l Data Qg!!ectggn Svstem.

The Data Collection System (DCS) obtains
data from remote, automatic data collection
platforms, which are equipped by specific
investigators, and relays the data to ground
stations whenever the ERTS spacecraft can
mutually view any platform and any one of
the ground stations, as shown in Figure 2-6.
Each DCS platform collects data from as
many as eight sensors, supplied by the cogni-
zant investigator, sampling such local environ-
mental conditions as temperature, stream
flow, snow depth, or soil moisture. Data from
any platform is available to investigators
within 24 hours from the time the sensor
measurements are relayed by the spacecraft.

Figure 2-5. MSS Ground Scan Pattern

2.3.3 Wideband Video Tape Recorders

The use of data from the RBV and MSS
sensors are complementary in several respects,
and both sensors are generally operated simui-
taneously over the same terrain during day-
light hours. When operated over a ground
receiving station, their data are transmitted in
real time to the ground receiving site and
recorded there on magnetic tape.

‘GINAL

 Figure 2-6. Data Collection System




2.4 ORBIT AND COVERAGE

Systematic, repeating earin coverage under
nearly constant observation conditions is pro-
vided for maximum utility of the multi-
spectral images collected b ERTS A and B.
- The Observatory operates in a circular, sun
synchronous, near-polar orbit at an altitude of
494 nautical miles. It circles the earth every
103 minutes, completing 14 orbits per day
. and views the entire earth every 18 days. The
orbit has been selected and will be trimmed so
that the satellite ground trace repeats its earth
coverage at the same local time every 18 day
period within 20 nautical miles. A typical
one-day ground coverage trace is shown in
Figure 2-7 for the daylight portion of each

orbital revolution.
25 OPERATIONS CONTROL CENTER

The Operation Control Center (OCC) is the
hub of all ERTS mission activities; it provides
control of the spacecraft and payload orbitat
operations required to satisfy the mission and
flight objectives. The OCC operates 24-hour
per day, and its activities are geared to the
operations timeline dictated by the
103-minute spacecraft orbit and the network

“~coverage capability. The primary receiving
stations in Alaska; Goldstone, California; and
the NTTF at NASA Goddard provide contact
with the spacecraft on 12 or 13 of the 14
orbits each day. :

Fgu 165 150 135 120 105 90 75 60 45 30 15 0 15 30 45 60 75 90 105 120 135 150 165 1%15
75[/__/— N, o G 75

ALASKA © <
60 60,

1)
TTF

0 GOLDSTONEY ] a0
15—--—-]-~~ - 15
0 0

[@@//@ @ 3 oo & Yo R 3> O 'O ©
'S 7oav  J DAV 0‘ y— A 15

1
ORBIT r\ f
30 2 j#(REPEATSEVERYWDAYSL/F l mh
45
{60}
75
N

1357720 165 90 150

75 6045 30

15 30

45 60 75 90

- 85
105 120 135 150 165 ‘IBOJ

Figure 2-7. Typical ERTS Daily

Ground Trace (Daylight Passes Onily)
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ORBIT AND COVERAGE
OPERATIONS CONTROL CENTER

The Operations Control Center system is
shown in Figure 2-8. The OCC computer
performs spacecraft and sensor ‘‘house-
keeping’’, telemetry processing, command
generation, display processing, system sched-
uling, and processing of DCS information.
Interacting with the computer and its soft-
ware are the OCC operations consoles; each
console has a cathode ray tube display and
other station and alarm indicators. The con-
soles provide the operations personnel with all
the information required to assess the health
of the spacecraft and payloads, and to make
and implement rapid command and control
decisions. Each cathode ray tube is under

control of the computer, and an operator can
display any data in the computei syslem
_ library, by immediate keyboard request, lo
evaluate the performance of any subsystem or
payload on board the spacacraft.

The RBV and MSS -ground station equipment
provides thé capability to record, process and
quickly display video data acquired locally by
the NTTF -station during orbits which pass
over the eastern part of the United States.
DCS data is received from the three primary
stations and pre-processed in the OCC for
subsequent formatting and cataloging in the
NDPF.

ANALOG
c -RECORDING
0 PCM AND .70
M i} DCS TAPES "~ NDPF
Mg
: T CENTRAL - sTmi\Sce'
DR |e e-| COMPUTER :
COMMANDS |1 A o " [ CMD|coMMUNICATIONS SiG
CN (SIGMA5)
T PROGRESSORS
TO/FROM AD
AU (SIGMA 3) - HIGH
RECEIVING T T >
SITE ! N SPEED
are 0 A ] FRINTER
ONS = ™
DCS & B N ,
TELEMETRY P
INTERACTING
DISPLAY COMMANDS AND DISPLAYS
QUICK LOOK
IMAGE DISPLAYS 00O oo o
- - -1
| . |- CRT CAT
| MSS |
GROUND -
| STATION i KEVBOARD KEYBOARD ,
| OPERATIONS CONSOLES (5)
| : P =\
I GRF:J"[}’ND | VIDEQ TAPES =LgPF
> L
| STATION |
L —_

Figure 2-8. OCC System
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2.6 NASA DATA PROCE3SING FACILITY

The NASA Data Processing Facility is a
job-oriented  facility which produces high
quality data lor distribution to investigators.
Figure 2-9 shows the sys.:m functional con-
figuration.- Spacecraft ephemeris, derived
from tracking data acquired by the data
acquisition stations, is provided to the NDPF
from the Operation Control Center. This data,
along with teiemetry data containing space-
ciaft attitude and sensor operation informa-
tion, is used to produce an Image Annotation
Tape for identification, location and annota-
tion of all imagery during image processing.
There are three types of image processing
performed in the NDPF: Bulk, Precision and
Special. All data is Bulk processed while only
selected data is Precision or Special processed.

2.6.1 Bulk Processing

Payload video data tapes are the principal
input to Bulk Processing. Here an electron
beam recorder (EBR) produces corrected 55
mm images on 70 mm film of data from all

PRECISION PROCE SSING
video tapes. Du?fing video-to-film conversion,
alphanumeric annotation data, image locao-
tion, and a gray scale for calibration is
recorded. Initial radiometric and geometric
corrections are also made to Lhe image. The
70 mm film images produced by Bulk Process-
ing are developed in the Photographic Process-
ing subsystem and- inspected for quality and
cloud cover. The images which are requested
by investigators are enlarged (if required),
printed, inspected, iogged, and distributed.

2.6.2 Precision Processing

. Precision Processing is performed on selected

image data when requested by investigators.
The 70 mm film images produced by Bulk
Processing are re-processed by a hybrid sys-
tem which produces corrected film images on
a 9-1/2 inch format. This process removes
additional geometric errors not corrected in
Bulk Processing and performs precision loca-
tion and orthographic projection of the cor-
rected image relative to Universal Transverse
Mercator (UTM) and geographic map coordin-
ates.

EPHEMERIS .
TELEMETRY - DCS DATA TAPES
e NDPF tigmﬁgg;a SYSTEM
ncs ]
TAPES ' IMAGE
RBV & MSS TAPES
VIDEO : BULK FiLM pHoTo  |FILM | sTORAGE
TAPES PROCESSING PROCESSING
CORRECTION ABSTRACTS
A Tam INVESTIGATORS
CATALOSGS AND
70mm 95" «—}—» USER
FILM | PRECISION |FILM BROWSE AGENCIES
"1 PROCESSING FILE
MICROFILM
TAPES USER
K2 SERVICES
SPECIAL TAPES |
TAPES | PROCESSING

Figure 2-9. NASA Data Processing Facility
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SPECIAL PROCESSING
DCS DATA PROCESSING
SUPPORT AND USER SERVICES

2.6.3 Special Processing

Special Processing is performed on selected
image data when requested by investigators.
Special Processing edits, calibrates, corrects,
and formats digital data produced from Bulk
or Precision processing and outputs this data
on a computer compatible digital tapes for
distribution.

2.6.4 DCS Data Processing

Data Collection System data is processed,
formatted and distributed to investigators on
magnetic tape, computer listing or punched
cards within 24 hours from the time data
collection platform sensor measurements are
relayed by the spacecraft to ground receiving
sites.

2.6.5 Support and User Services

All of the NDPF equipment and processes are
scheduled by work orders which are generated
to match investigator requests against received
data through the NDPF information system.
The information system also serves as a data
base to generate catalogs of image coverage,
microfilm, abstracts, and DCS data for distri-
bution to investigators. '

It is anticipated that close to one-half miltion
master images will be processed and stored at
the NDPF each year. The storage and retrieval
system aids the investigator to select only

CT'EINAL

those images that are of significance to him.
Investigators have access to all NDPF data
through several files to provide efficiency in
searching areas of interest. These aids includec:

- ® Browse Files — Complete microfilm
file of all available images arranged
by date and location, with a data
base query and search system and
image viewing equipment.

® Coverage Catalogs — Listing in two
separate catalogs of all U.S. and
non-U.S. images that are returned
over each 18-day coverage cycle.
These catalogs are updated and dis-
tributed on a regular schedule.

® DCS Catalog — Listing of informa-
tion available from the remote, in-
strumented data collection plat-
forms.

Imagery requested by invéstigators is pro-
cessed in either black and white or color from
archival images stored in the master file.
Samples of Bulk and Precision imagery and
color composites are available to permit the
investigator to select the material most useful
for his purposes. Other (such as DCS tapes
and listings, digital image tapes, catalogs, and
calibration data) are provided to investigators
either to fill a standing order or specific data
requests.



SECTIO! . 3
OUTPUT DATA PRODUCTS

Investigators may choos. the product or
products most useful to their specific area of
investigation. It is expected, for example, that
investigators performing digital analyses based
on scene radiance will choose computer com-
patible tapes of Bulk Processed. Multispectral
Scanner images. Those requiring the best
resolution will select 70mm products; for
precise location of topographical features
Precision products will be used. It is not
implied that a single product necessarily
serves the total needs of an individual investi-
gator, but only that the best possible quality
in terms of such individual parameters as
geometric accuracy, resolution or radiometric
accuracy will be found in different data
product. No single data product is best in

PHOTOGRAPHIC PRODUCTS

terms of all quality parameters. Figure 3-1
simmarizes all output data products of the
NASA Data Processing Facility (NDPF) that
are available to investigators. Photographic
products are discussed in Section 3.1, digital
products are presented in Section 3.2, and the
Data Collection System (DCS) products in
Section 3.3. '

3. PHOTOGRAPHIC PRODUCTS

.The _foﬂowing terms and definitions are used
in this section when discussing all ERTS
photographic products.

Bulk refers to all imagery that contains the
radiometric and initial spatial corrections in-
troduced during the process of video tape to
film conversion but not those corrections
provided by the Precision Processing sub-
system. Bulk photographic products are dis-
cussed in Section 3.1.1.

PRODUCT
TYPE

BLACK & WHITE

COLOR DIGITAL

S

85 INCH <
POSITVE

COMPUTER

COMPATIBLE

)

TA
95 INCH® res
PAPER PRINT

BULK 70 MM
RBV & MSS NEGATIVE
76 M
POSITIVE
95 INCH*
POSITIVE
95 INCH*
PAPER PRINT
PRECISION 895 INCH®
ABV & MSS KEGATIVE

)

95 INCH"
POSITIVE

COMPUTER

COMPATIBLE

95 INCH?
POSITIVE

J\\/ﬁ

-

|

95 INCH+
PAPER PRINT

TAPES

95 INCH®
PAPER PAINT

OATA COLLECTION
SYSTEM

DIGITAL
TAPES

PUNCH
CARDS

COMPUTER
LISTINGS

#240 MM NOMINAL

Figure 3-1. ERTS Qutput Products -
Available to Investigators
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PHOTOGRAPHIC PRODUCTS

BULK I_’RODLnTS
Precision refers to all imagery that has re-
ceived the radiometric and spatial corrections,
including transformation into UTM co-
ordinates which are provided by the Precision

Processing subsystem. Precision photograph'lc '

products are discussed in Section 3.1.2.

Generation number assigned to photographic
product is referenced to the bulk, archival
output from the Electron Beam Recorder
which is designated as the first generation.
Each successive photographic product gener-
ated adds one generation. Thus, the bulk
enlargement from a 70mm archival image is a
second generation product.

Sensor Spectral Band

The relationship between the sensor, the
snectral band numbers, wavelengths, and the
NDPF Band Code numbers are shown in
Table 3-1.

Table 3-1. Sensor Spectral Band Relationships

Wavelengths NDPF
Sensor Spectral Band No. {Micrometers) Band Code
1 A75- 575 1
RBYV 2 580 - .680 2
3 680 - .B30 3
1 5 - 6 4
MSS 2 & - .7 5
3 d - 8 6
4 8 -11 7
5 (ERTS B only) 10.4 -12.6 8

Size and Scale of Photographs

Photographi¢ products are available in two
basic film sizes - 70mm and 9.5 inch (240 mm
nominal). The 70 mm size is only used for
bulk :products. The 9.5 inch size include bulk
enlairged images and precision images. Bulk
processing uses the spacecraft altitude at
“image centér time” to scale each 70mm
image to 1:3,369,000. When the image on
70mim film is enlarged by a factor of 3.369
and printed on 9.5 inch film, the scale is
1:1,000,000. The NDPF préci_sion processed
image on 9.5 inch film is also generated to a
scale of 1:1,000,000.

3.1.1 Bulk Photographic Products
3.1.1.1 Image Production

The production flow for each of the bulk
photographic products available to investiga-
tors is shown in Figures 3-2 through 3-4.

3.1.1.2 Image Format and Annotation

A sample of the RBV and MSS bulk image
format, including registration marks, tick
marks, gray scale and alphanumeric annota-
tion, is shown in Figure 3-5. The MSS image
format is identical, except the data does not

ELECTRON BEAM RECORDER

GENERATE ARCHIVAL
ROLLS. VIDEO-TO-
FILM CONVERSION BY
THE EBR

STRIP PRINTER

GENERATE MULTIPLE
70 MM POSITIVE
ROLLS

| —t—a——

70 MM
POSITIVE

—o—o— INDICATES ALTERNATE PATH

ARCHIVAL
L.____—— T1OMM e s

 SHIPTO
INVESTIGATORS

STEP & REPEAT PRINTER

SELECTIVE PRINT FROM
THE ARCHIVAL ROLL TO

PosIve / QENERATE A “WORKING”
. ROLL _____J

70 MM
NEGATIVE

70 MM STRIP PRINTER

POSITIVE 08—y _ o
GENERATE MUL™!PLE

70 MM NEGATIVE
ROLLS

70 MM
NEGATIVE

Figure 3-2. Production Flow of a 70mm
Positive and Negative Product
(Black and White Only)




ELECTF Ji BEAM RECORDER C BULK ENLARCER
GEWEAATE ARCHIVAL . ARCHIVAL | SELECTIVE ENLARCING
ROLLS - VIDED TO b 70MM ———@={ FROM ARCHVAL ROLL TO
FILM CONVERSION POSITIVE | GENERATE A -WORKING"

: . R | s8NcHROLL
BEINCH .. )
l NEGATIVE — . '
: _ .. | STRIPPRINTER (PAPER)
STRIP PRINTER (FILM) o : o GENERATE MULTIPLE
GENERAGE MULTIPLE COPIES PAPSR
COPIES # PRINTS

SHIPS.S INCH ROLLS
. AND 85 INCH CUT.
FORM PRINTS TO.
INVESTIGATOR

Figure 3-3. Production Flow of a 9.5-inch
Bulk Black and White Films
or Paper Product

STEP & REPEAT PRINTER

FILM STORAGE ’ 9.5 INCH
RETRIEVE 8.5 INCH | me  NEGATIVE ;:'\r: sMEslsE:;fp[:us
BULK ENLARGED - ZND GENERATION FOR INPUT TO COLOR
“WORKING” ROLL S COMPOSITE PRINTER
9.5 MCH
POBITIVE -
TRIPLETS .

: c " 3RD GENERATION &
COLOR COMPOSITE PRINTER / )

SEQUENTIALLY EXPOSE

B&W TRIPLETS ON
TRI-EIULSION FILM . .
. 9.5 INCH

COLOA
NEGATIVE
\ COLOR PRINTER (FILM)
9.5 INCH PRINT COLOR FILM
COLOR ’ FOR SHIPMENT TQ
NEGATIVE USERS

COLOR PRINTER (PAPER)
PRINT COLOR PAPER
PRINTS FOR SHIPMENT
TO USERS

&—eo—a—=o INDICATES ALTERNATE PATH

. Figure 3-4. Production Flow for Bulk
Color Film and Prints
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BULK RBV IMAGE FORMAT

1W116-00 1w116-30 1W115.00 W114-30)

cow wwzl

oo wwel

low ~owz

BLOCK

SR

FW116-00 " Jw115-30 | W115.00 ¥ wiiasol
97JUK72 C N33-05/K)115-18 N N33-04/W115-20 RBY 1- DXA G SUN EL30 AZ01§ 194-1234-N-PH NaSA ERTS E-1042-16032-1
. %) ]Wv Sqp 2 5 s, A

Figure 3-5. Bulk RBV Image "armat - 9.5 Inch Film
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_ : o GRAY SCALE
contain the fiduciai refer .nces (reséau and Tick Marks '
anchor marhks). The spa ecraft heading is

always toward the annotation block. Latitude and Longitude tick marks are placed

Enturged
Dimensian - . . 70 mm 9.5 inch @
Coge |~ Dweription _ RBV | Mss | mBV | mss
\ A - Fitm Width 0 | |20 |20
o "/ B  Kominal Image Size (cross track) 5@ | 55@ | 153 | 1s3
A _{_ ———g———— = -._;_ c Nominal tmage Size (in track) 5@ | 3@ | 153 | 1185
¥ . ! ] - Writing Area (cross track) 60 |e 2022|2022
] I E Writing Area (in track) 0 -] 555 | 2022 | 1904
| E " F Aunotation Block Lenyth- 82 |52 | 153 | ws3
\ | G " Rogistration Mark S tion (cross track) | 58.6 58.6 197.5 | 1975
A | s o : oG H | Registration Murk Seperation (in track) | 64 585 | 2157 | 2005
i . ‘ — .
! D
| J : NOTES:
| . .
+L— -— - -t ® Bulk Processing uses sp f1 sltitude at “‘image center time* to scale each 70 mm

{mage to a ratia of 1:3,363,000. The Bulk entarging factar is 3.369 which pravides a
scat¢ of 1:1,000,000 the Bulk enlarged image.

@ Equivalent to 100 neutical miles.

@ Equivalant to 88.3 nautical miles.

Figure 3-6. Bulk Product Dimersions

The dimensions for the 70 mm and 9.5 inch
RBV and MSS film products are given in
Figure 3-6. "

Registration Marks

Four registration marks are placed beyond the
image corners to facilitate alignment of differ-
ent spectral images of the same scene from
the same payload sensor. The image is posi-
tioned within the writing area so that when
the registration marks from two or more
spectral images are superimposed, the imagery
will be registered. The dimensional details of
these registration marks are shown in Figure
3-7. '

The intersection of diagonals drawn through
the four registration marks is the Format
Center of the image. The Format Center of a
scene imaged at the same time by both the
RBV and MSS wiil be identical. Annotation

not otherwise specified refers to properties at

the Format Center.

outside the edge of the image writing area at
intervals of 30 arc minute. The geographic

- reference marks are annotated in degrees-

minutes with the appropriate direction indica-
tor. At latitudes above 60 degrees north or
south, tick marks are spaced at one-degree
intervals to prevent crowding.

Gray Scale

A 15-step gray scale tablet is exposed on
every frame of imagery as it is produced on
the Electron Beam Recorder (EBR). This
scale is subject to the same copying and
processing as the image to which it is attach-
ed. The gray scale gives the relationship
between a level of gray on. the image and the
electron beam density used to expose the

_ original image. The electron beam density is

related to the sensor signal voltage which, in
turn, is related to the energy incident on the

- sensor. This incident energy is shown in Table

3-2 for the MSS and in Table 3-3 for the
RBV. '

ORIGINAL
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REGISTRATION MARKS
MSS GRAY SCALE DATA

70 mm 70 mm ) 5.5 in. 95 in.
B Dimension RBV MSS RBV MsS N
A 2.0 2.0 6.74 6.74
S C. B 0.0532 0.0468 2.1793 0.1578
c - 0.0266 0.0234 0.0896 0.0788
] . NOTE: Dimensions are in millimeters
Figure 3-7. Bulk Products Registration
Mark Details
Table 3-2. Irradiance at MSS Versus
Image Gray Scale
Gray Scale Band 1 Bang 2 Band 3 Band 4 Band 5
Step Normal  HiGain  Normal - Hi Gain. Normal Normal  Normal  Hi Gain
1 White
2
3
4
5
6
! DATA TO BE SUPPLIED
8 IN REVISION
9
10
1
12
13
14
15 Black
OPIGINAL -z

< M - T RN




ALPHANUMERIC ANNOTATION

“Alphanumeric Annotation

Figure 3-9 details the alphanumeric annota-

tion shown at the bottom of Figure 3-5.

Paragraphs a through

contained in this annotation.

i explain the data

2 b € d 1 ...e
1 2 3 4 ]
123456749012345678901234 78901234557890113455789012 St
07JUN72{C N33-05/W115-18 [N N33-04/W115-20 |RBV 1' DXA '15!_]!! EL30 A
.RBV 2
BV 3

Character Positions 01-08. 07JUN72
Day. month and year of picture
exposure

Character Positions 09:25.
CN33-05/W115-18

Format Center Latitude and lon-
gitude at the center of the RBV and
MSS 1mage format s indicated n
degrees and minutes The MSS For.
mat Center is identical to the RBV
Format Center, Format Center s
defined as the geometric extonsion
of the spacecraft yaw axis to the
earth's surface,

Character Positions 26-42.
CN33-04/W115-20

Latitude and longitude of the nadir
{the intersection with the earth's
surface of a perpendicular line from
the spacecraft to the earth ellipsoid)
is indicated in degrees and minutes.
The NASA Ehipsoid 1s the Earth
model.

Character Positions 43-54. RBV 1
DXA

The characters in this group are
sensor and spectral band specific:
For RBV Images:

Sensor and NDPF, spectral
band identification code.
Note that the spectral iden-
tification code numbers are
purposely staggered (see
Figure 3-9) to permit identi-
fication of the spectral
images used to make a color
composite transparency.

43-49

50

51-52

4 Notes:(7)

“D" indicates direct trans-
mission (real time); “'R"" in-
dicates stored data playea
back from the satellite
wideband video tape record-
er.

“"XA" means the shutter this
image was set for 16 milli-
seconds.

RBV duration of exposure
will be encouded by alpha-
betic letters as follows:

Duration of
Exposure Time
{msec)

Alphabetic
Code

TIOMMQOOW>

For MSS images

43-51 The sensor and
NDPF spectral band
identification code.

53 Type of transmission, direct or re-

corded.

Character Position 55-68. SUN EL30
AZO015

Sun Angles - the sun elevation angle
and sun azimuth angle measurad
clockwise from true North at the
time of RBV exposure or midpoint
of MSS frame is specified to the
nearest degree.

f .91 .k

IS S

6 7 _ e o
567890123456789012345678 mzmminmsmﬂmzusmemzms Q)

3 _
1

N-P-1H NASA
ERTS

Z015 194-1234-

PARAGRAPHS IN THIS DOCUMENT THAT
EXPLAIN THE ANNOTATION BLOCK. ~

(Z) CHARACTER “POSITION” IN THE
ANNOTATION BLOCK.

f. Character, Positions 6975.
194-1234-A
Spacecraft heading, orbit revolution

number, and type of ephemeris data.

The 194" is spacecraft heading to
the nearest degree, measured clock-
wise from true North. It is the
orbital path plus spacecraft yaw.
Heading relative to an image is al-
ways toward the image annotation
block.

The "1234" is a four digit orbit
revolution. Rev "0001" starts with
the first ascending node (south to
north equator crossing) after launch. i

NOTE: Compressed data will be de-
compressed during processing.

The “A'" indicates the ground recording
station. G=Goldstone, A=Alaska,
N=NTTF.

g. Character positions 80-89 N-P-1H

The “N' means the image was pro-
cessed using normal processing pro-
cedures. Abnorma! processing will be
indicated with “A".

The "P" means “‘predicted” orbit
ephemeris data was used tc compute
image center; a2 "D" indicates '‘defi-
nitive" or best fit ephemeris was
used, Normally the latter is used
since it is more accurate.

E-1047 16032

Tﬂ-E LETTERS “e” THROUGH “i” REFER TO

G EXAMPLE

The 1" indicates a finear mode, a
“2" indicates a compressed mode of
MSS signal processing prior to trans-
mission from satellite to ground sta-
tion.

{This applies to Bands 4, 5, and 6
only. See Appendix A.2)

“H" is high gan, "“L"" 15 low gam for
Bands 4 and 5 only, which have o
commandable gain optinn,

NASA

Character 90-98

ERTS

positions

Identifies the Agency and the Pro-
ject. '

Character positions 99-114 E-1042-
16032-10

Frame Identification Number — each
image or frame will have a unique
identifier which will contain encoded
infarmation consisting primarily of
time of exposure relative to launch.
tts format is E-ADDD-HHMMS-B
and is interpreted as foilows:

E — Encoded Project !dentitier
A — ERTS Mission: 1=ERTS A,
2=ERTS B
ODD — Day number retative U
launch at time of observa:
tion
HH — Hour at time of oservation
MWV, — Minute at time ot observa-
tion
5 — Tens of seconds at time of
observztion
B — NDPF identification Code
(RBV: 1, 2, 3; MSS: 4, 5.
6,7, 8)
R — Blank for earth 1magns,

either 0, 3, or 8 for RBV
radiometric calibration n-
ages, indicating 0%, 30%., o
B0% exposure level

IF TNAL

' Figure 3-9. Details of Bulk Image

Annotation Block

~




IMAGE FrOUJUCTION

31.1.3 Prformance Characteri tics o 3.1.2 Precision Photographic Products

. 3.1.2.1 Image Production
A complete discussion of product characteris-

tics is given in Appendix F. These characteris- The functional production flow for the va-
tics include the effects of the corrections ous Precision photographic products is shown
(geometric and radiomet-i.) normaily made - " in Figure 3-11. This flow includes the initial
during bulk processing. Bulk Processing prior to Precision Process-
ing. ’
3.1.1.4 Delivered Form .
! ELECTRON BEAM RECORDER STEP & MEPEAT PRINTER
: ' ' | Revvintorgn Awwvm L v ancureas maus
Mcst photographic products will be delivered | Elfciaow seaw nrcanen rosmive il
in cut form. In special cases, when the order is -_—
for a large number of consecutive images, film STEP & REPEAT PRINTER / PRECISION PROCESSING
products will be delivered in roll form, Prints seLecrive TN - " CONVERSION OF row
OF INPUTA FOR b— — ot
will always be delivered in cut form. - Fucon moct G i e
O.E.Ill:ﬂ
. - . 1 I
Roll form products will appear as shown in 'm":':‘::':::::“ = - "::,::f::’:':::‘,‘,"
Figure 3-10. Note that the MSS images are A S B T

[IT]
POSITIVE

grouped by spectral band; that is, sequentially
adjacent images on the roll are for sequential
geographical areas. These images are followed
by the same sequence of adjacent images in
the next spectral band, etc. ‘

aw
NEGATIVE
SHIPPING
SHIF COLOR PRODUCTS
T0 usEns

won

INGICATES ALTIHNA ! PATHS

Figure 3-11. Production Flow for Precision,
Black and White and Color Products

BAND 2 BAND 3 ’ SAND 4 I
+* + - - + + ’
SCENE SCENE SCENE SCENE SCENE SCENE SCENE SCENE SCENE SCENE SCENE SCENE SCENE
1 ﬂ 2 n U 1 U H n 1 2 n 1 [] 2 n ﬂ !
4 * + > * - + * -
MSS FILM ROLL LAYOUT @
t SCENE t l SCENE 2 l SCENE 3 | SCENE 4 I
g . - v + + + + + + + * + +
BAND BAND BAND BAND BAND BAND 8AND BAND BAND BAND aND sAND BAND BAND
1 ? 3 1 2 3 1 H 3 s 2 k] 1 U ?
- . + + + + - + - + - + +

RBV FILM ROLL LAYOUT

NOTE: @ THE MSS VIDED TAPE-TO-FILM CONVERSION PERFORMED BY THE BULK PROCESSING
ELECTRON BEAM RECOROER (EBR) "GROUPS"” THE IMAGES ON THE ARCHIVAL FILM
ROLL BY SPECTRAL BANDS AS ILLUSTRATED. THE NUMBER OF IMAGES, 0, IN A
SPECTRAL “GROUP" IS DETERMINED BY THE NUMBER OF SCENES ON THE MSS VIDED
TAPE. THIS NUMBER CAN VARY FROM SOME NOMINAL MINIMUM OF SAY 12, TO A
MAXIMUM OF 48. (A SCENE MEANS ONE 25.SECOND, 100 BY 100 NAUTICAL MILE
OBSERVATION). THE INVEGRITY OF THIS SPECTRAL GROUPING WILL BE MAINTAINED
IN THE ROLL-FORM PRODUCTS THAT ARE SENT TO THE USER. A GIVEN ROLL WILL
CONTAIN ALL SPECTRAL IMAGES FOR EACH SCENE.

Figure 3-10. Bulk Roll Form Scene/Band Layout
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IMAGE FORMAT
PRECISION IMAGE SAMPLE

- 3.1.2.2 Image Format and Annotation

A sample of the Precision image is shown in’
Figure 3-12. The alphanumerlc and gray scale
lee at the

\.r\ LI

aae aroa ara caniod

hine aft nf t im
oi0 left of the in age area are copiec

directly from the Bulk image. The tick marks
and alphanumeric annotation blocks in the
Iower left and lower right corners are unique
1o pfecns:on data and are explained in Table
3-4,

ANNOTATION BLOCK
AND GRAY SCALE

/4:' USA NABA BRTS!
)i g "

ALONG THE TOP EDGE OF THE TICK
MARK FRAME

8 30-MINUTE LATITUDE @n
"t COORDINATES ALONG

LEFT EDGE OF TICK

MARK FRAME

50,000-METER "UTM" EASTING
COORDINATES ALONG BOTTOM
EDGE OF TICK MARK FRAME

N e SCALE AND.
| BAR SCALES

- ) mu.%\ ]
L UTMPREOION  ZUWE "2 L I,

PO TIONAL QUALITY .
ACCBOKIMATH ELEY m sTai b woow L

CARTOGRAPHIC & POSITIONAL
DATA, BOTTOM LINE FOR
OTHER DATA

30-MINUTE LONGITUDE COORD INATES

1

:00 AR Ib!n -
L et ﬁ;; #
\ annm*s‘u(m! L]
y

Bde - e

‘k\ IMAGE IDENTIFICATION

NUMBER

50, 000-METER "UTM" NORTHING
COORDINATES ALONG RIGHT
EDGE OF TICK MARK FRAME

REGISTRATION MARKS
(4 PLACES)

ACQUISITION DATA

Figure 3-12. Precision Processed Image Format

c ‘Al
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Table 3-4. Format and Annotation

A. TICK MARK ANNOTATION

The tick marks are indi.idually printed in an
unexposed band 3, millimeters wide, framing the
outer four edges of the .age writing area and
are slanted in the direction of the coordinate
they designate.

The origin and length of the tick marks in the
tick mark frame depend on the designated
coordinate:

1. Latitude-longitude tick marks extend inward
fram the outside edges of the bands; even-
degree ticks extend 2.3 mm inward,
30-minute ticks extend 1.0 .mm inward.
Degrees-minutes laheling is along the left and
top margins.

2. Universal Transverse Mercator (UTM) tick
marks extend outward frem the inside edges
of the hands; integral 100,000 meter ticks
extend 2.3 mm outward; 50,000 meter ticks
extend 1.0 mm outward. Labeling is along
the right (Northing) and bottom (Easting)
margins.

Each tick mark will. be approximately 0.1 mm
thick and oriented (inclined) to within + one
degree of the corresponding (N-S or E-W) direc-
tion.

B. INTERNAL TICK MARK CROSSES

When requested, smail (2 mm) crosses desig-
nating the intersection of the map tick marks
bordering the image writing area are printed
upon the image. These tick mark lines are
typically 0.5 mm wid:. The crosses locate either
geographic or UTM coordinates as follows:

In geographic coordinates, the crasses define the
intersection of each 30 arc minute latitude with
each

(a) 30 minute longitude for format-center lati-
tudes hetween 0 and 60 degrees;

(b) one-degree longitude, for format-center lati-
tudes between 60 to 75 degrees;

(¢} even numbered degree longitude, (e.g., 0, 2,
4,...356, 358 degrees), for format-center
latitudes above 75 degrees.

In UTM coordinates, the internal crosses are
located at

{d) the intersection of each 50,000 meter North-
ing and Easting caordinate.

The crosses ere printed with a video intensity
sufficient to produce a contrast of about 0.5
density units zhove the local image density.

CARTOGRAFHIC AND POSITIONAL DATA

{towar Jeft data block)

The first line indicates UTM zone number in
which the image is projected. (Some images wiil
_include two UTM zones, but the projection will
bein only one zone.) '

The second line indicates the positional quality
as determined by computation of the Ground
Control Point (GCP) residual errors. Letteis A
through D are used as follows:

Letter Residual Error
A This information will be
B supplied in a supplement
c to be published later.
D

The third line is the approximate elevation in
meters. Itis a four digit number representing the
elevation of the Ground Control Point (GCP)
closest to the image rentar,

The fourth row of characters is reserved for
special data. A “P" indicates Precison Processing
was done with predicted ephemeris; a blank (the
normal case) indicates best fit ephemeris was
used. Other spacial data is TBD.

. ACQUISITION DATA (lower right data block)

The first linz is the date and time of image
acquisition in Greenwich Meridian Time (GMT).

The second line denotes the date at which the
Precision image was printed.

The third line denotes the format center to the
nearést tenth-minute in geographic coordinates.

The fourth row is reserved for up to 32 charac-
ters of standard or special annotation data. These
cheracters are TBD.

e mammmmee ke o il

3.1.2.3 Performance Characteristics livered as individually cut images.

A complete discussion of the Precision pro- ' 3.2 COMPUTER COMPATIBLE TAPES

duct parameters is contained in Appendix F. .
Digital data is available upon request in the

3.1.2.4 Delivered Form * form of Computer Compatible Tapes (CCT).

These tapes are standard half-inch wide mag-

All Precision photographic products are de- netic tapes and may be requested in either a
OR(G.INAL
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BULK MSS TAPES
MSS SYMBOL. EXPLANATION

O-track or 7-track format. Coding on the
9-track is EBDIC for alphanumeric data and
binary for video data. All data on the 7-track
tape is binary.

Four CCT's are required for the digital data
corresponding to one scene observation by
either the RBV (three spectral images) or the
MSS (four or five spectral images).

One of three different CCT formats are used
depending upon whether the CCT's are Bulk
MSS data, Bulk RBV data or Precision data
(either RBV or MSS). Data content and

" format of these tapes is described in Sections

3.2.1 through 3.2.3. Detailed information on
CCT’s necessary to write software to process
these tapes is contained in a separate docu-
ment ““‘Digital Image Tape Format” which is
available through the ERTS User Services
section of NDPF.

3.2.1 Buik MSS Computer Compatible Tapes

The full frame 100 by 96.3 nautical mile
image is segmented into four 25 by 96.3
nautical mile strips for conversion into CCT

format.

The MSS data is spectrally interleaved as
illustrated in Figure 3-13. The interleaving is
done in groups of 8 bytes, 2 bytes from each
spectral band. The staggering of the spectral
samples in each interleaved 8-byte group
corrects for a 2-byte spatial misregistration
that is introduced by the arrangement and
sampling sequence of the detectors on the
spacecraft. As a result of the correction, the
two bytes for each band in the group repre-
sent the same ground data. Dummy bytes,
indicated by “0", are used to fill in at the
beginning or end of a line.

Radiometric calibration data for each spectral
band is also inserted as a 56-byte calibration
group following each block of 435 8-byte
groups of interleaved video data.

Figures 3-13 through 3-16 illustrate the Butk
MSS CCT format and data content; symbols
used in these illustrations are defined in Table
3-5.

ORIGINAL
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Table 3-5. Explanation of Symbols Used (MSS)

item/Symbol

-Spij

uk,m

1DA

EQF

Description

Sample within a scan line correspond-
ing to a specified Bulk MSS video

- picture elsment location where:

b=spactral band numher (1< b< 5)
k=sequential scan linz index -
jesample number within line length
- atjusted scaa line
. sbki comprising 7 bits of video right

justified in a 8-bit byte

Regord corresponding to a specific set
of Sy comprising a segmented inter-

leaved Bulk MSS scan line where:

i=image segment and Computer
_ Compatible tape number
k=sequential scan line index

Fifth spectral band recod where:

izimage segment and CC tape
number
k=soquential bund 5 scan line index

Line set number assigned to a set of
three 4-band records (plus one 5th
band record for ERTS-B) where:

icimage sagment and CC tape
number :
p=sequential line st number. For

ERTS-A esch Lip contains three

4-hand records. For ERTS B each
L;, contains three 4-band records

plus one fifth band record.

Calibration data and line length infor-
mation for scan line k of band b, Each
CALM is a 13-byte string.

Group of 8 spectrally interieaved
spatially registered samples, 2 bytes
from each of 4 bands where:

m=sequential group within an inter-
leaved scamn line
k-sequential full frame scan line

index : .

Gk,m contains Bulk MSS video

samples sblq' in the order:
32 » sz ’ 33 » s3 . 54 ’ 34
k k k k k k
2Zm1 2m . 2m1  2m 2m-1 2m

An interleaved emtire scan ‘ine may
contain a maximum of 1740 Gy m
groups. ‘

Two data recards consisting of scene
and annotation data for each image
strip recorded on CCT.

End of file




CONVE RDIUN LIALRAM

. Gy m (8-BYTE “GROUP") —

2m-1 2m |l 2m1 {2m |2mt | 2m | 2m1 | 2m
'BAND 1 BAND 2 BAND 3 BAND 4

“DUMMY" BYTE

“DATA" BYTE

“SCAN LINC” INDEX. THERE ARE
4086 SCAN LINES IN EACH STRIP
“GROUP" INDEX. THERE ARE 435
"GROUPS IN EACH 25 NAUTICAL
MILE INTERLEAVED SCAN LINE.

FIEs /l /1/|]

‘“uo¢ ;lxxx xxx/}xxx/lxxxxxxxo
BAND 4
on)&/x A.x xx ./l.xxx./l.x xxxo000o0

n

1N\ _ BAND 3
X X X ¥X X X X x J.Xxx x X.Lxxx . |[.Xxx 000000
e BAND 2
\
4 BAND 1
EQUIVALENT
MSS SCENE ON
FILM.
\ \
SCAN - -
LINE a ”
ADVANCE Z
«® SPACECRAFT
HEADING
(k) 4 L
ceT ccT
1 2

Figure 3-13. Bulk MSS 4-Band Scene to [nterleaved CCT Conversion
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MSS FORMAT DIAGRAMS

4 0R 5 DAND SCENE
25 N X 100 NM STRIP
o 1y cnours o (3 AEC0RCS F0m T
TAPE ¢ 0 ANNOT L ! [ 1 [ ' E
STRIP 1 RECD | RECD 13 b2y b3 ¢ ba o (( 1o Mm b Lt | g 48
1 i 1 [] . {
TAPE 2 1D ANNOT ! ! 1 T 1 €
stRipz f AEco | AEco 21 L2z : L23 : Lag : (( : Lo v Lamnm tam {9 48
S
TAPE 3 D ANNOT | t 1 ] ) €
STRIP) | RECD | RECD t31 57 I ¥ | : Liga 1 KQ : L3 : Lim L3190 2 AS
1 | -
mwed | o ANNOT ! ! ! ! ! £
sTmPs | RECD | RECO Les Lez : ta3 : Les : : %] : Lerg L |2
[l‘f Ly =TL: Lyt A—‘]
TAPE 1 ? 7 7
1=t Ry g R Ry 390 Ry 3 By e
Ryi3p2 1,381 1,3 // 1,341 1.3p02 23543 %-
TAPE 2 Gz
1=2 Ryap2 2391 R 2 LT Z Rz 3501 Ry 3501 R23p3 82001
22 -
b li R332 B33 Ry.zp 8, 7 R3,3p01 R3,3p02 R3,3p+3 B350 ( ‘S
Z/m% i
7 777
I"E ) Z 32 Re3p Re3a LT 7 g 3941 Ry 3p+2 Basp-3 % Baper ?
7.
BULK MS8 FULL FRAME LINE STE-ERTS 8
RECORD 'ij NOT PRESENT FOR ERTS A
Figure 3-14. Bulk MSS Full Scene, Four CCT Format
e R; k {240 + 56 BYTES) -
jtl———— 3n 8-BYTE GROUPS Gpp %’4 4 14-BYTE CAL GROUPS ——b»d
R T 1 T 1 T 2| T T 1 '
1k 6 ' G ! 6 Vo | caLy, !cAL ! caL,, lcat
ceT 1 1k ] B2k ! 3tk Bk 1k CAla, y CAL3y [CALg R
| L i { 1 L | 1 G
R T T T T T = T ]
2,k 6 I 6 | I ¢ | G ¢ | |
CCT2 3n+1k 1 93n+2k | i 61k §Y6ak | AL‘,k | CALZ,k i CAL3 K | CAL4 k R
| i 1 i 1 1 L L G
R ] b} T T T R ] ) 1
3.k G I g | | G | | { | ’
cCcT3 Bn+1k | B6n+2k | | Gonik {Ggnx | CAlyy |[CALz, | CAly, {CALg, R
1 l i \ i i | ! G
Ry i i f i | ] ! i '
: | I ! i
ccTa  [Bgn+1x | Gons+2k | | G1anik {1k 4 CAlyy 1CALp, | CALyy qcaLy, | R
] | 1 1 ] l L I G
Figure 3-15. Bulk MSS Full Scene Interleaved Record Format
» ar
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PRECISION MSS/RBV TAPES

e CAL}, (14 BYTES) ' -

l«————— 6 BYTES ——»'4— 2 BYTES —>‘<- 2 BYTES —>\l<—z BYTES _ﬁ“— 2 BYTES —>‘
. - = — T '

1 CALIBRATION WEDGE SUN CAL o | .

six | CALIBR O WEDGE COEFF CORRECTION | COEFFICIENTS Lie
] . e H . ‘ . *

[ SO R | I I | P | L i 1

NOTE: LLC.S A 2-BYTE BINARY NUMBER DENOTING
THE NUMBER OF VIDEQG DATA SAMPLES PER
UNCORRECTED (RAW) SCAN LINE

3.2.2 Bulk RBV Computer Compatibie Tapes

A significant difference between the formats
of the Bulk RBV and MSS Computer Com-
patible Tapes (CCT) is that the MSS Jormat
has the four spectral bands interieaved, while
the RBV format has each band separate and
sequential on the CCT — Band 3, Band 2 and
Band 1. See Figure 3-17. Another difference
is that there are no ‘calibration bytes"”
associated with each scan line of RBV data as
is the case with MSS. No geometric or
radiometric corrections are performed on
Buik RBV CCT data.

Figure 3-18 illustrates, the Bulk RBV CCT
format; symbois are defined in Table 3-6.

3.2.3 Precision MSS and RBV Computer
Compatible Tapes

The format for RBV and MSS data on a
Precision Computer Compatible Tape (CCT)
is the same. A basic difference between the
Bulk and Precision format is that the Preci-
sion CCT in effect segments the fullframe
image into 8 strips. Each strip. is- further

segmented into 8 blocks that contain 512

3-15

Figure 3-16. Bulk MSS Calibration Group Detail

scan lines per block. Figure 3-19 illustrates
the correlation between a 100 by 100 nautical
mile image and the four CCT'’s. Each of the
four CCT's contains approximately 1500 feet
of data for a full RBV scene or 2000 feet of
data for a full MSS scene.

Table 3-6. Explanation of Symbols (RBV)

item/Symbol

Description

sijk Sample number within a data record Video Data
correspoading to a specified RBV Storage
video picture element location along a
segmented scan line where

i=image strip index and Computer
Compatible Tape number.

j=segmented sample index

k=segmented scai: line index

Each sijk contains 6 bits of video data,

right justified in an 8-bit byte.
Lix A specific set ot si'l( compromising a Format Notation
segmented RBV scan line where:

i=image strip index and CC tape
number and
k=segmented scan line index,

IDA Two data records cansisting of identi-
fication and annotation data for each
segmented. image strip recorded on
ceT.

1D Data Storage

ORIGINAL
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BULK RBV CONVERSION DIAGRAM
COMPATIBLE TAPE FORMAT

A

100 NAUTICAL MILES, 4608 BYTES
{185 KM)

SPACECRAFT HEADING RELATIVE /

25 NAUTICAL MILES, 1182 BYTES

/ (48 KM)

‘WY

T0 THE IMAGE
Lik Lax Lax Lag
BAND 3 BAND 3 BAND 3 BAND 3
FILE FILE FILE FILE
BAND 2 BAND 2 BAND 2 ‘BAND 2
FILE FILE FILE ' FILE
BAND 1 BAND 3 BAND 1 BAND 1
EILE FILE FiLE FILE
CC TAPE 3 CCTAPE4

CC TAPE 1

CC TAPE 2

o G Q

e 100 NAUTICAL MILES, 4125 SCAN LINES -
{105 kM)

Figure 3-17. Bulk RBY Conversion from Scene to 4-Computer Compatible Tape Format

BAND 3 BAND 2 BAND 1
TAPE 1] 1p 116 | 1D AND vioeopaTA | E ( vipeo | E vIDED | E
1=1 M ANNOTATION RECORDS Rt, 1-R1, 1375 | 2 |'0Af pata | 0| 'PA[ paia | D 0
TAPE 2 L g | toanD vioeo oaTARecoros | E| | vioeo | E vioeo | E| E
- M ANNOTATION R2,1-R2, 1375 F|'0AY pata | O 1DA] paTA 01 0
TAPE3 | Lp 1D AND vipeo paARecoros | Ef o [ vioeo | 757" T vibeo JETE
=3 | M{I6] annoTATICN R3,1-R3, 1375 0|AL pata | 01 '0Al gaya | O O
N F F Pl F
- I3 S St 3 _
TAPE 4| L 1D AND VIDED DATA RECORDS | E VIDEG | E | VIDEU JEJ E
Za | M1IG]  ANNOTATION R4,1-R4, 1375 01'0A1 pata | 6 f'PA} pata |0 f O
N~ F _ F F L

EACH 25 BY 100 nm SPECTRAL BAND
CONTAINS 1375 RECORDS. EACH
RECORD CONTAINS 3456 BYTES.

( NAL

Figure 3-18. RBV Bulk Scene, 4-Compu.ter Compatible Tape Format




Lo Cruldue L D

oS
*gyres ™
e 1.k —- L T S e T ek i l ot u.l:::
SCAN sL0CK2
LINE
ADVANCE
3 s. - {8 sLOCKS)
Sl 7 S. S5 4 ) " ‘2 5 4008 SCAN
. LHIES -
BLOCK 7
aLocK s
B ]
IMAGE AREA
TAPE e
MOTION
8 7] L 5
BAND
1
5 5 Y %
ot v -
. s o~ —-\M. r‘\/’ —tta
38 5 ] 5
BAKD
S 5 % 8
CC TAPE 4 CC TAPE 3 €C YAPE 2 € TAPE 1

QQQQ

F/gure 3-19. Conversion of Precision Image to Computer Compatible Tape

The radiometric and geometric corrections
applied to the Precision. film images also
applied to the digital output from Precision
Processing.

Figure 3-20 illustrates the Precision CCT
format; symbols are defined in Table 3-7.

3.3 Data Collection System Products

The NDPF produces three types of Data

3-17

Collection System (DCS) data products,

‘punch cards, computer listings and magnetic

tapes. These products along with their con-
tents and formats are described in Figures
3-21 through. 3-23. DCS data transmission
format is listed in Table 3-8.

In addition, a DCS catalog summarizing the
platform transmission activity, 1s prepared
and distributed to subscribers on a routine
basis. The catalog is described in Section
4.2.3.

ORIGINAL.
SEPTEMBER 15, 1971



ITEM/SYMBOL. BEFINITION

DATA TRANSMISSION

FORMAT

‘TAPE AND DATA RECORD FORMAT

Table 3-8. DCS Daté Transmission Format

Table 3-7. Item/Symbol Definitian
Item/Symhbol Description
: Word  Bit Itam Mode Format
siki Sample element within 2 data racard ' '
corresponding to a specified precision 1 015 . Platform 1D Binary XXXX
video picture element location along s 16-23 - Satellite 1D EBCOIC %
scan line k where: 24-31 Station 1D EBCDIC A/G/N
izimago strip index - 2 016 Days(GMT) Binary 1366
i= seqm:ntul sample index vmhm 16-31 Dlys Since Launch Binary 1N
scan ling -
k=sequential scan line within image 3 0-7 Hours (GMT) Binary 523
strp 816  Minutes (GMT} Binary 059
. . : X . Bi 05!
Each sil(j contains 7 bits of yvideo data, ;23 ' s.:l‘:“(?M(grn Elanajylc g.gg
right justified
4 06 Not Used Binary 0
Lig Scan line within aa image strip whers: 6-16 Platform 1D Quality Binary 13PP
: - : 16-17 Not Used Binary 0
i=image strip index 18-23 Errar Flags:
k=tequential scan line index -~ invalid Station Code Bit 18 {1=set)
Invalid Platform |D Bit 19 (1=set)
Thare are 51 zsiki within each L; Poor Platform 10 Quality  Bit 20 {1=set)
‘ tavalid Tima Code Bit 21 (1=set}
B Record cor anti Duplicate Message Bit 22 (1=set)
n of sight sequanrual scan lmu L; ik of an 24.28 N otnl.J‘:::i'“m HMessage Bit 23 {1=set)
image strip whers: 231 Message Quality Binary 07
i=image strip index N "
n=image strip record index 5 031 Data Bits Binary
Each R;, contains 4086 bytes of 6 0-31 Data Bits Binary
precision video corresponding to scan % T L.
fines L, where 817 < k< Bn 7031 Qualiy Bt et
IDA Two data records consisting of scene, 8 031 Quality Bits Binary
P { band and data for
sach image strip recorded on CCT
EOF End of file J
|<————————BAND: *— BAND2 —§ snunn—-—’l
STRIP 1 STRIP 5 £ El e
CC TAPE 1 IDA| 512 RECORDS ID | 512 RECORDS 0 | IDA | STRIP 1 P1 ID| STRIPS 0] 0
R1,1- B1,512 RS.1 - R§,512 F FlF
STRIP 2 STRIP 6 E E|E
CC TAPE 2 IDA| 512 RECORDS 1D | 512 RECORDS 0 [IDA | STRIP 2 RIP 2 iD] STRIPE 00
R2,t - H2,512 RG.1 - R6,512 F F1E
STRIP 3 STRIP 7 E EJE
CC TAPE 3 IDA| 512 RECORDS ID | 512 RECORDS 0 {1DA | STRIP 3 TRIP3 iD| STRIP7 [
R3,1 - R3,512 -{ R11-R1512 F ' - FF
STRIP 4 STRIP 3 E : ETE
CC TAPE & IDA}] 512 RECORDS ID | 512 RECORDS 0 |IDA ] STRIP & STRIP & 10 ] STRIPS 010
P41 - R&SIZ R8.1 - RB.512 F FI|F
(4—CCT FORMAT, N—BAND)
— b} Ry o 4996 BYTES +
I Ligny b Liges L1 86 ! ! ' ' !
} L1.8ng R| sizevres b 512 Byres ' 512 BYTES : L8n4 | L1Bn3 1 LiBn2 1 Liet ] oLtgn ) R
{DATA RECORD FORMAT) PRECISION CCT DATA RECORD
RECORD n
STRIP i

SCAN LINES k =8n-7 TO k = 8n
512 SAMPLES PER SCAN LINE

Figure 3-20. Precision, N-Band 4-Computer Compatible Tape and Data Record Format




ALV A G e AN

1234567 .71011 1213 14 16 16 17 18 19 20 21 22 23 24 26 26 27 28/M4—49———51/57-12
WPRUSGSS . 30,11 101146265, A, 57,0 DATA  DATAQUALITY
3 {IF DESIRED)
PLATFORM TIME CODE DATA FORMAT
0 SATELLITE
10 ' MESSACE
USER T GUALITY
10 A
: : ~__ ENCODED
c?:n ERRCR FLAG
STATION
| i
CARD COLUMN CONTENT CARD COLUMN , CONTENT
12 " CARD IDSE TO INDICATE PRODUCT REQUEST, 25 MESSAGE QUALITY WHERE:
36 USER ID-CONSISTING OF 4 ALPHABETIC - 0 = LONG O SHORT MESSAGE DEPENDING
CHARACTERS UPON SYNCHRONIZATION
710 PLATFORM 1D-CONSITING OF DECIMAL 17 & TOINDICATE LOWEST T0
DIGITS RANGING FROM 1-1000 _ HIGHEST QUALITY
" SATELLITE ID, 1 FOR EATS A, 2 FOR ERTS B 2 DATA FORMAT FLAG WHERE:
16 TIME CODE-REPRESENTING THE TIME WHEN ¢ = OCTAL DIGITS (22 COLUMNS)
THE PLATFORM TRANSMITTED THE DATE. : H = HEXIDECIMAL DIGITS (16 COLUMNS)
THE FORMAT IS DDDHHMMSS WHERE: 28 FOR OSTAL DIGITS, DATA STARTS HERE
DOD - DAY SINCE LAUNCH u FOR HEXIDECIMAL DIGITS, DATA STARTS
HH = HOUR OF DAY HERE
MM = MINUTES 51 . QUALITY DIGITS (IF DESIRED) FOR
$§ = SECONDS' OCTAL START HERE
22 RECEIVING STATION 1D WHERE: 57 QUALITY DIGITS (IF DESIRED) FOR
A = FAIRBANKS, ALASKA HEXIDECIMAL START HERE
6 = GOLDSTONE, CALIFORNIA
N = GREENBELT, MARYLAND (NTTF)
32 ENCODED ERROR FLAG WHERE:
32 - INVALID RECEIVING STATICN 1D
18 = INVALID PLATFORM ID
8 = POORPLATFORM QUALITY
4 = INVALID TIME CODE
2 - DUPLICATE MESSAGE
1 = REDUNDANT MESSAGL
ASUMMED VALUE TO INDICATE ANY
COMBINATION OF THE ABOVE
63 = ALL OF THE ABOVE CONDITIONS
EXISY
L _ e —

Figure 3-21. DCS Data Card Format

———— MM/DD/YY - INDICATES THE MONTH, DAY AND YEAR THAT
THE LISTING WAS GENERATED

USERID - FOUR ALPHABETIC CHARACTERS.

PRODUCT LABEL - THISWILL BE OF THE FORM SLADDDNN
FOR STANDING REQUESTS WHERE:

SL - STANDING REQUEST LISTING

A = ERTSA
000 = DAY SINCE LAUNCH THAT DATA WAS
ACQUIRED
w KN = SEQUENCE NUMBER THAT VARIES FROM
012
EATS DATA COLLECTION SYSTEM USER PRODUCTS MM/DD/YY USER (D PRODUCT LABEL PAGE NN
PLAT SAT TIME STATION PLAT D EARDR  MSS{ENCODED) DATA(AND DATA AUALITY) BITS —— iF ENCODED, ENCODE FLAG ENCODE

10 iD  CODE  €ODE QUALITY  FLAG QUAL @ = DATA 8IT = 0/QUALITY BIT = 1 (GOGD) 2 = DATA BIT = D/QUALITY BIT = 0{POOR) FLAG
1 =DATA BIT = 1/QUALITY BIT = § (GDOD) 3 = DATA BIT = 1/QUALITY 8IT = O(POOR)

l_llJl___l|_J |_i I_.J UL N 1 J L J L J L J L I ]

[ -
l—— THE PLATFORM ID SATELLITE ID, TIME COOE, AND THE STATION L ERROR FLAG AND THE MESSAGE QUALITY FORMATS ARE THE
CODE ARE OF THE SAME FORMATS DESCRIBED FOR DCI CARDS, SAME AS DESCRIBED FOR DCS CARDS. IF DATA QUALITY IS IN

CLUDED, AN ASTERAISK WILL APPEAR IN THE "ENCODE FLAG"

. COLUMN. 1F DATA WUALITY DOES NOT APPEAR, THE DATA WiLL
L PLATFORMID QUALITY  FEF INDICATES THAT QUALITY IS APPEAR AS EATHER ASO OR A 1. IF DATA QUALITY IS INCLUDED,
GOOD. ANYTHING ELSE INDICATES AZORAIMAY ALSO APPEAR.

THAT QUALITY IS QUESTIONABLE

Figure 3-22. DCS Computer Llstmgs Format

3-19 . ORIGINAL
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DCS MAGNETIC TAPE FORMAT

~4— TAPE MOTION

END OF FiLE

-END OF FILE

END @F FILE

TAPE
HEADER
RECORD

480-WORD 480-WORD 480-WORD : 480-WORD
DATA DATA DATA . DATA

RECORD . RECORD RECORD *®®  REcoRD

HEADER RECORD FORMAT: SEE BELOW

RECORDS CONSISTS OF 60 DATA BLOCKS (480 WORDS). :
EACH DATA BLOCK CONSISTS OF ONE DATA TRANSMISSION (8 WORDS).
EACH DATA TRANSMISSION IS IN THE FORMAT OF AN ADF ENTRY.

HEADER RECORD FORMAT:

STANDING REQUEST TAPE:  STaDDDnaUUUUYY/MM/DD
VARIABLE REQUEST TAPE:  VTaDDDanUUUUYY/MM/DD

THE 1ST 8 EBCOIC CHARACTERS ARE THE STANDARD NDPF TAPE'LEBEL —
a = SATELLITE NUMBER (1 CR 2), DDD = DAYS SINCE LAUNCH
(OF TAPE GENERATION)
on = SEQUENCE NUMBER (BINARY), UuUU = USER iD, YY/MM/DD = DATE
OF PROCESSING (STANDING) OR DATE OF REQUEST {VARIABLE)

<

~RI*'NAL

T ce en-

Figure 3-23. DCS Magnetic Tape Format
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SECTION 4
USER SERV €CES

The User Services Section of the NASA Data
Processing Facility funct yns as the single
source of contact for all investigators and user
agencies on all matters relating to ERTS data
products. ’

Users of ERTS .ata will be able to place
orders for any data product described in
Section 3, and seek information and advice
regarding these data, data availability and
ordering procedures through this section.
Contact may be by phone, mail or personal
visit to the following address:

ERTS USER SERVICES

Code 563

Building 23, Room E203
NASA/Goddard Space Flight Center
Greenbelt, Maryland 20771

Phone (301) 982-4018

QRDE RING P ROCE DURI -,

Users are defined to be either individual
investigators - or agencies which have been
approved by the NASA/ERTS Project Olfice
for receipt of ERTS data. All other data users
should apply to the User Services Section
which will forward their requests to the
NASA/ERTS Project Office for approval. -

The flow of information between User Ser-
vices and the user/investigator community is
shown in Figure 4-1. Table 4-1 summarizes
the user services activities and can be used as
an index to the remainder of this section.

4.1 ORDERING PROCEDURES

investigators may request data products either
by direct mail to the NDPF or by placing a
telephone order with a representative in the
User Services Section. These representatives
are trained to assist investigators in formatting
their requests. '

<4—— DATA REQUESTS

<4—— STANDING ORDERS

USER
USER «——— IMAGE CONTENT DESCRIPTORS >
| REQUESTED DATA —»|  AGENCIES
SERVICES STANDARD CATALOGS > AND
IMAGE DESCRIPTOR INDEX e
DCS CATALOGS >
MICROFILM IMAGES —p| INVESTIGATORS

——————— USER AND VISITOR ASSISTANCE —————»
——— QUERIES OF DATA BASE

Figure 4-1." User Services Information Flow

4-1
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STANDING CRDERS
DATA REQUEST

Photographic images may be ordered in one of
two ways:

Standing Orders for image data which is
yet to be acquired by the Observatory

Data Regquests for image data that al-
ready exists in the NDPF

Digital products are available in the form of
computer compatible tapes containing digi-
tized imagery that is produced by Bulk or
Precision processing. They can be ordered
only by using Data Requests (see Paragraph
4.1.2). :

NOTE: In the discussion that follows, the
forms used by User Services are identified.
The use of these forms, however, is primarily
an internal function; requestors do not neces-
sarily need to submit their requests on the
form but need only provide sufficient infor-
mation to support the completion of the
forms itlustrated. This information may be
provided by letter, telephone or personal visit.

4.1.1 STANDING ORDERS FOR IMAGES

The Standing Order is designed to help
investigators obtain those specific photo-
graphic products he will need throughout his
investigation. It permits the ordering of image
products which may not yet have been
acquired by the Observatory. Once generated,
the Standing Order applies unless cancelled or
changed by the investigator. it is expected
that many Standing Orders will be submitted
prior to launch, although new ones may be
submitted or old ones altered at any time.

A Standing Order can specify several elements
describing an image, a location, or quality
attributes of the imagery desired. For exam-
ple investigators may requést all images taken
of an area bounded by specific latitude and
longitude points (up to a maximum of six
points) with one of three levels of image

TT'GINAL

quality, with one of eleven levels of accept-
able cloud cover and a snecific time period;
(Example: “points of latitude and longitude
for Greenbelt, Maryland, ‘good’ quality, with
cloud cover less than 20 percent, between
June 1 and October 13, 1972.”) These de-
limiters are placed in the NDPF computer
system as a Standing Order. As observations
are made and images are processed, a compari-
son is made to the Standing Orders. When a
match occurs, a Work Order to reproduce the
images and a Shipping Order to ship them to
the ‘investigator are automatically produced
by the NDPF computer system. In this way,
all data matching the investigator's request is
automatically generated for distribution to
him. All data which satisfies a Standing Order
will be reproduced and distributed to the
requestor. No prior notification of intent to
distribute data will be mailed out, thus it is
imperative that the requestor keep his Stand-
ing Orders up to date and consistent with his
requirements. Figure 4-2 shows the form used
in placing Standing Orders for all imagery
and/or catalogs. The figure includes explana-
tions of each eniry pius an iiiustrative ex-
ample of a complete form.

4.1.2 DATA REQUEST FOR IMAGES

The second type of order, called a Data
Request, is used to order data that already
exists in the NDPF. The requestor specifies
the observation identification, the sensor and
band identification code, the product format
and product type desired. This request, like
the Standing Order, is entered into the NDPF
system. Since the master images already exist,
a Work Order to produce the products and
the Shipping Order to ship them are generated
immediately.

Figure 4-3 shows the Data Request form. The
figure includes explanations of each entry
plus an illustrative example of a completed
form. Again it is emphasized that the User
Services staff will provide assistance in com-
pieting the forms. The discussion here is
intended mainly to illustrate the kind of
information required.



Item

Standmg Orders

Data Requests
Standard Catalogs
Image Descriptor Index

DCS Catalog

Microfilm Images

Browse Facility

-~

Queries of the Data Base

UDE N ey o e

aviM L

Summaty Ducnptmn

Reference Section

Usars may plm ] Snndmg Order for i nmloory wbu:h may not yet hlVl been acquired by
the Observatory. All data produced will be matched against Standing Orders. Whenever
an image is generated which satisfies # Standing Drdcr, an internal NDPF request will be
generated to automatically reproduce and send the image to the requestor. In ‘this way
the user may reguest data which does not yst-exist. Nominal delivery tima is two weeks
from the date of spacetraft ohssrvation to the data'of shipment.

Users may place a Data Request for the reprodustion of data alresdy on file at the
NDPF. The ussr must lccurately specify the dats required. The nominal delivery time
is one week if the prodidct exists and two wesks if a new product must be created.

Standard catalogs announcing the images available are produced and sent to users.
Separate catalogs for both U.S. and non-U.S. coversge are generated and contain data
describing the images collected from a complste 18 day coverage cycle.

" A cumulative catalog of image descriptoys is produced every 30 days and distributed to

the users. This catalog is generated from a standard-list of image descriptors supphed by
individual investigat. s bused on their mllysis ofi unlpty

A catalog summlnzmg all DCS tnmmnssmm is puhllshod on a 30day cycle and
distributed to'the users. Since the data content of the DCS messages are a function of
the individus! platformis which are owned by the investigators, the catalog only
summarizes the number of messages hy platform and not the message content.

The Microfilm Images provide users with data which they can screen to select useful
images. They grossly display what imagery is availahle and are not fer data analysis.
Each set of microfilmed images is in exact correspondence with the Stendard Catalog
and is produced on an 18-day cycle.

The Browse Facility in Building 23 at GSFC is available to assist visitors in their
examination and selection of imagery data Trained personnel are available to instruct
and assist visitors to the facility.

User Services maintains an interactive information system which can query and search
the computerized data base to identify images of interest to an investigator, Access to
this system is avaifable to visiters and via telephone and mail requests.

411

41.2

4.2.1

422

423

43

45

Table 4-1. User Services Summary
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STANDING ORDER FORM

DATE

ERTS 1 STANDING ORDER FORM -

TELEPHONE NO,

PRINCIPAL INVESTIGATOR

NDPF USE

CATALOGS DESIRED

oF AREA OVER NORTH

AmMERICA

ARIGINAL

“mAasATTD CF

FoUR CORNER POINTS Uer o 30%

CLoup

Cover

Goob 1maces OnLy

COVERAGE
FROM 4 15 72

TO 10 31 72

TM Tick Magrks

T RANSPARENCY

Precision CorLor Imace

Figure 4-2. Standing Order Form

SHIP TO:
(NAME)
_ _ _ _ STANDARD D U.s. [J Now-U.S.
{AGENC Y) DC_S D
(STREET) MicrorFiLm D U.s. DNON-—-U.S‘
vy T(sTATE) z1m) CHECK IF ADDRESS IS NEW (]
Q al RrRBV MSS [ b
c PROD
GEOGRAPHIC POINTS EO x COVERAGE PERIOD p=.T = TMR BANDS BANDS E
OV %L storp |.T|O|VAIL] E
oYL START TO Mk ﬁﬁ - E
LATITUDE |LONGITUDE [PR [T | mmDDYY | MMDDYY[ E|MIKKIT t1tals] 123 E
: I
EXAMPLE
4500N 12022W 041572 103172 |C|T| U |3 A
0015N 12022W
3820N 10330W
4535N 04500W
e
/
3 CoPiES




@ Grographic Points

a. Latitude (Format DDMMd) where:

Do = Degrees (0° - 90%)
MM = Minutes (0' - 59°)
d = Hemisphere (N or S)

b. Longitude {format DDDMMd) where-

DOD = Degrees {0° - 180%)
MM = Minutes (0" - 59°)
d = Direction (E or W)

The requestor specifies eitner (1) one point ot (2) three o six points as defined oy
a latitude and a longitude. The defined polygon must be convex. That is, the line
joining any two points within the polygon must be wholly witain the polygon as
illustrated below. Ali of the continental U.S., Alaska or Hawaii may he ordered
‘imply by inserting “U.S.”, “‘Alaska” or “"Hawaii”’. All other areas must be ordered

by geographic points.

@ Cloud Cover, where:

0-50% cloud cover acceptable
0-60% cloud cover acceptable
0-70% cloud cover acceptable
0-80% cloud cover ptabt

No cloud cover acceptable
0-10% cloud cover acceptable
0-20% cloud cover acceptable

DO AANLA AR LN iy A )

@ Coverage Timo where:
MM = Month (start, stop)
DD = Day of month (start, stop)
YY = Year of month (start, stog)

This is the coverage time period ove: which the requestor dusiees ubagery

@ Product Type where:

Blank = Bulk Photographic Image (9% inches)
A = Precision Photogrephic tmage

B = Bulk Color Photographic Image

€ = Precision Color Photographic Image

G = Bulk 70 mm . :

@ Product Format where:
. N

. T

P

Negative
Transparency
Print

NOTE: The pﬂminﬁbh tnmﬁinninn of product types and product formats ate
summarized in the table at the bottam of this page.

@ Tick Mark where (Precision image only):
Blank = No internal tick marks in image area
U = Universal Transverse Mercator (UTM) tick marks (See reference

“gridding")
L = Geogrephic tick marks

Number of Copies, where NN designates the actual number of produuts desied

0-30% cloud cover acceptable
0-40% cloud cover acceptable

HBWN =
oo
@0~ DU
o ononou

0-100% cloud cover acceptable

Thus is the percent of the image obscured by clouds above which the image is of no
value to the investigator.

@ Quality specifies the minimum acceptable quality as defined below. (These quality
per refer to pr ing quality and are not refated to . nage content)

Good Complete images with good tone, resolution and granularity. Little

or no noise.

F = Fair Lighter or darker than good imagery or noticeable naise.

P = Poor Imagery which is too light or too dark; partial images, or significantly
noisy.

The requestor should specify the acceptable degradation, if any, he will accept by

using one of the above codes. For example “F” would order all good images plus

tmages which are fair,

6

(numerical). Maximum number of copies is 63.

@Retum Beam Vidican Images (1 through 3 spectral bands)
Muitispectral Scanner Images (1 through 4 spectial bands for ERTS A)

Delete = Delete Standing Order, vihare entry is
YES = Delete Standing Order for Products Described
BLANK, or NO = Do not delete Standing Order

When the NDPF system pr the users’ Standing Orders, an area number will
be assigned by the system. The requestor will be informed by mad of the aea
number when his Stamding Order {5 confirmed by User Services. If the user wishes
to delete the area from his set of Standing Orders he may enter that number 1n
place of iatitude and the word “YES” in the delete column rather than supplymy
information for the entire form.

SUMMARY OF PRODUCT TYPE AND PRODUCT FORMAT

F = Format
P= Processing
Prad Type - WNethod N = Negative T= Traqsparency P = Print

Blanl-( Bulk Black and White 70 MM Negative Black and White 9.5 x 9.5 Black and White 9.5 x 8.5”
Positive Transparency Positive Print

A Precision Black and White 9.5 x 9.5 Black and-White 9.5 x 9.5” | Black and White 9.5 x 9.5"

Negative Positive Transparency Positive Print

B 8ulk Color { N/A Color 10" x 10* Positive Colcr 10” x 10 Positive Print
Transparency ’

c Precision N/A Color 10" x 10" Positive Color 10" x 10" Positive Print

Color Transparency

[ Bulk Black and White 70 MM Negative Black and White 70 MM N/A

Positive Transparency

N/A - Not Applicable

ORIGINAL
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DATA REQUEST FORM

DATA REQUEST FORM

DATE

1. USER ID 2. New[] CHANGED ADDRESS[ ]

3. NAME , 4. AGENCY ABER.

5. NDPF REPRESENTATIVE

6. USER ADDRESS

o 7. CATALOGS DESIRED

STANDARD [(Ju.s. []non-u.s.
DCS M
8. TELEPHONE NO. , MICROFiL_M [Tus []Non-u.s.
9. DATA REQUESTED
ADDDHHMMS = = P = = T= NN
OBSERVATION SENSOR PROD, PROD, TICK NUMBER COMMENTS
IDENTIFIER BAND 2 TYPE FORMAT MARKS COPIES
EXAMPLES
113210223 3 (o} T u 5
{ S B lL I S I S S S
- T -
ERTS A ' RBV / POSITIVE 5 COPIES NO COMMENTS
132 Davs Since LauncH TRANSPARENCY ’
10 Hours oF TtHeE Davy PRECISION UTM TICK MARKS
22 MinuTes oF THe Hour COLOR IMAGE

30 Seconops

Figure 4-3. Data Request Form -
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(¥) Ohservar i Identifier (Format ADDDHHMMS)

= Satellite Number{1 = ERTS A;2 = ERTS B)
DDD Days since launch
HH = Hour of day (GMT)
MM = Minutes of hour (GMT)
S = Tens of seconds of minutes (GMT)

identification Code
Sensor band or bands used to produce the product. The values that B may assume are:

B&W (if blank, A or G in column 3 Color* (if BorCincolumn 3

Q

RBV 1

RBV 2

RBV 3 3
MSS 1

MSS 2

MSS 3 6
NVSS 4 7
MSS 5 (ERTS 8}

All.RBV Bands

All MSS Bands

All Bands

RBV1,2&3

MS51,2&3
MSS1,2&4

LTI 2 T 1 | R T (A T 1 1]
won

XKZTIONDNHWN =

*Color products are made by using one of three standard compaosite combinatiuns,
either RBV 1, 2 and 3, MSS 1, 2 and 3 or MSS 1, 2 and 4. The infrared band used
in each combination is unigue: RBV 3, MSS 3 {low infrared) and MSS 4 (high infrared).
Therefore, the infrared band is used to denote each composite.

@ Product type where:

Butk Photographic Image

Precision Photograghic image

Bulk Color Photographic Image
Precision Coler Photagraphic Image
Bulk Digital

Precision Digital

| L S | O TR 1

Mmoo Do

@ Format of the product where:

N = Negative M = 70 mm negative
T = Positive Transparency S = 70 mm transparency
P = Print 7 = 7-track tape (556 BPI)

8-track tape (800 BPI)
@ Type of tick marks on precision processed products where:

U = Universal Transverse Mercator {(UTM) tick marks
L = Geographic tick marks
B = no tick marks

@ NN = Desired number of copies of a product. 1 < NN<63. Any other character
will assume a defauit value of 1.

Comments or lmage Descriptors may he placed in this area. Text is limited to 40
characters.

ORIGINAL
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DELIVERY SCHEDULE
DATA CATALOGS

4.1.3 Delivery Schedule .

All data produced as a result of Standing
Orders are normally shipped within .two
weeks after the date of sensofr observation.
Depending upon the data requested and the
data processed, the. imégery sent to the
investigator may consist of only the-déta
requested or it may also include unrequested
data which was processed at the same time. In
general, an attempt wili be made to produce
only the requested materials; the economics
of production may, however, result in the
distribution of additional products.

Data Requests which require only reproduc-
tion of existing master imagery will normally
be shipped within one week. Requests involv-
ing the generation of new products from
in-hand raw data require two weeks. To
hasten delivery of requested data, the NDPF
will prepare partial shipments when a delay of
five or more days is required to complete the
order.

4.1.4 Requests for DCS Data

Requests for Data Collection Systems data are
processed separately from the image requests.
Data may be requested on a Standing Order
basis or on a Data Request basis. All orders
must specify product type and platform
number. A fuller discussion of the DCS
products and their distribution is contained in
Section 4.2.3. Because the NDPF anticipates a
relatively stable DCS user community, no
request forms have been prepared. All re-
quests will be processed on an individual basis
by User Services.

4.2 DATA CATALOGS

One of the most important functions of User
Services is the prompt announcement of the
image and DCS data acquired by the observa-
tory. Because the user community has many
and varied requirements, the catalogs are
designed to provide a maximum degree of
announcement flexibility. Thus, for example,
Standard Catalogs are divided into discrete
U.S. and non-U.S. volumes. The user may
choaose to subscribe to either or both catalogs.

T ™MGINAL

In addition to producing Standard Catalogs,
the NDPF generates 16 mim microfilm data
sets which correspond to each of the Standard
Catalogs. These catalogs and microfilm sets
are published every 18 days. A cumulative
index of image descriptors and a catalog of
DCS transmissions are generated for distribu-
tion every 30 days. The contents and format
of each catalog are treated in the following

-paragraphs. .

4.2.1 Standard Catalogs

Every 18 days a U.S. Standard Catalog,
covering the continental U.S. plus Alaska and
Hawaii, is produced by the NDPF and issued
approximately three weeks after the start of
the 18-day orbital coverage cycle (see Appen-
dix |). Each Standard Catalog contains image
data for an 18-day period and consists of an
outline map graphicaliy displcying coverage,
and a computer listing tabulating by observa-
tion number the imagery obtained in sequen-
tial order. Catalogs for non-U.S. data are
identical in format and are produced nine
days out-of-phase with the U.S. catalog.

4.2.1.1 Standard Catalog Qutline Map

Each of the two Standard Catalogs contains
an outline map. The U.S. Standard Catalog
has outline maps of theéUnited States includ-
ing, Alaska and Hawaii ‘{see Figure 4-4), and
the non-U.S. Standard Catalog contains an
outline map of the world (see Figure 4-5).
Each of these maps indicates which areas have
been imaged during the 18-day period covered
by the catalog. In addition, the U.S. outline
map shows an estimate of the cloud cover
contained in the imagery by a four shade
spectrum along the subsatellite path for each
north to south pass. No shading indicates that
no imagery was collected.

4.2.1.2 Standard Catalocg Page Listing

A large part of the Standard Catalog consists
of computer listings produced from the infor-
r.ation systems data base. All listings are in
sequence by observation identifier. The NDPF
has established three nested levels of ERTS
imagery identification: an Observation iD,
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ID FORMAT AND CONTENT

an tmage ID and a Product ID. Figure 4-6
explains the format and content of each type
. of identification. All orders, -announcements,
queries and image annotations utilize one of
these identifiers.

A sample catalog page with an explanatlon of
its contents is shown in Figure 4-7. RBV and

MSS Band 2 images are also available ir
continuous tone microfilm format as de-
scribed in Section 4.3. For every 18 day
observation cycle, the microfiim roll number

-is listed, followed by entries for the individual

observatlons which are on the spec:fued micro-
film roll

DAYS SINCE LAUNCH

N |
OBSERVATIDN} [ADDDHHMMS]

IMAGE ID }rADDDHHMMSB

PRODUCTID  [ADDDHHMMSBP]

P=PROCESSING DESIGNATOR

P PROCESSING TYPE
BLANK | BULK
A PRECISION
B BULK COLOR
c PRECISION COLOR
D BULK DIGITAL
E PRECISION DIGITAL
X NON-STANDARD !
PROCESSING :

HOUR OF DAY (GMT)

SATELLITE NUMBER (1=ERTS A; 2=ERTS B)

MINUTES OF HOUS (GMT)
TENS OF SECONDS OF MINUTES (GMT)

B=SENSOR SPECTRAL BAND DESIGNATOR

8 ‘BAND

RBV1
RBV2
RBV2
MSS1
MSSs2
MSS3
MSS4
NiSS5 (ERTS B ONLY)

O R WN -

ALL RBV BANDS
ALL MSS BANDS
ALL BANDS -

I

Figure 4-6. Observatic .1, Image and
Product ldentification Number Formats

ORIGINAL
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4.2.2 lmage Descriptor Iniex
4.2.2.1 Index

The NDPF does not perform any content
analysis of the images, nor s any examination
conducted of the data to determine terrain
features or other phenomena.The NDPF Infor-
mation System, however, accepts and records
image descriptors supplied by investigators.
An image. descriptor is a term which assists in
defining the conteni of an image. For ex-
ample, an image may show a rain forest with
mud flats surrounding a pasture. A user

inspecting this image may choose Lo desaibe
the image with the terms Rain Forest, Mud
‘Flats, and Pasture.: All image descuptors
returned to the NDPF by investigalors will he
compiled and entered into the LLIRTS data
bank for subsequent user query servicing.
Every 30 days a cumulative Image Descriptor
Index is published, containing each image

- descriptor that is stored in the Image Descrip-
tor Data Bank file. This index allows investi-
gators to tabulate various findings pertaining
to each image, and to index these findings via

" image descriptors in a catalog available to all
investigators. '

@

04/29/72 . STANDARD CATALOG

KEY TO IMAGE CLARITY
@ 6 : 600D

F:FAIR

P - POOR @

___® |

04/10/72 T0 04/27/72 PAGE |

THE IMAGES INDICATED BELOW ARE ON MICROFILM ROLL KUMBER:0O0I

8ULK PREC.
OBSERV. IC MICR. PAS. #  DATE  CLOUD PRINCIPAL POINT SUN SUN RBY  MSS BuLx COLOR PREC. COLOR  DIGITAL  OCS

RBY WSS COVER  OF IMAGES  ELEV. AZIM 1231234 RBV MSS RBV MSS RSY MSS RBV MSS RBV MSS DATA

A00112250 000t 0002 07/01/72 45 44.290N 83.290W 31.2 312 GGGPPPF X X X X X X X X X X X
A00 112295 0003 0004 07/01/72 60 42.5GON 3500W 304 304 66GGGG8 X X X X ‘X X X X X X
AQ0112258 0005 0006 07/01/72 40 40.400W 84.200W 300 304 FFFGGFF X X X X X X x X X X
400112263 0007 0008 07/01/72 30 40.100N 80480wW 285 304 PFGFFGP X X X X X X Xx X X X
A00112265 0009 00i0 07/01/72 35 38.580N 85.260W 28.0 305 GGGGFFF X X X X X X X X X X
A00212250 0011 00tz 07/02/72 20 37.190N 85500W 28.0 302 PPPPPGG X X X X X ox X
A00212255 0013 0014 07/02/72 30 35.190K 86.190w 279 299 FFFGGPF X X X X X X
A002i2258 0015 0016 07/02/72 10 34.340N B6.590W 279 298 GGGGG666 X X X X X X X
A00212263 0017 0018 07/02/72 15 35.290N 87.100% 27.8 297 FFFGG6F X X X x X X

X X X X X X X X

A002i2265 0019 0020 07/02/72 45 31.490N 87490W 278 297 GGFFFF G
—
#STOP® O

« )

® © @® ®@ © ® @ ©

Defimuinus
Date of Image Coverage

Date of Catalog Listing
Image Quality Key (RBV Band 1,2,3;MSS Band 1.2,3.4 (5 ERTS-8) Cods
Microfilm Roll Number Blank | Band not present (no image N/A
Obtservation, 1D (See Figure 4-6) awtilable in this band) .
RBV and MSS Image Position on Microfilm Rall
Date gt Qbseevation

Estimated Percent of Cloud Cover {U.S. Images}
Latitude and Longitude at Image Center

Meaning Definition

G | .Good image Complete image with good
tone, resolution and gran-

ularity. Little or no naise

Sun Elevaugn and Azimuth at Image Center F Fair Image
image Quality Selected from 3 {REV Band 1,2,3; MSS Band 1,2, 3,8)
Image/Data Product Availability; {Bulk, Bulk Color,

Lighter or darker than‘‘good"”
imagery or noticeable noise

QIREAPOEIE 2

®

Precision, Preciston Cotor, Digital). P Poor image Very light or dark image,

(3 Existence of a DCS platform within the observation partial image or sigaificant
range. This does not necessarily mean a valid plat- - noise -
form recording is associated with the image
Figure 4-7. Annotated Sample of
Standard Catalog
ORIGINAL
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IMAGE DESCRIPTOR INDEX

INDEX SAMPLE PAGE

Figure 4-8 shows a representative page from
the Image Descriptor Index. The index is
organized alphabetically by image descriptors

and each descriptor has the product ID’s for

the images which have ‘been assigned this
descriptor listed below it. Each image descrip-
tor is presented along the left side of the
printed page followed by up to 10 columns of
product ID’s. It should be noted that in some
cases the reference is to an observation; i.e.,
all spectral images in that scene contain that
feature, whereas in other cases the reference is
to a single spectral image or product type. In
the latter case the descriptor applies only to
the specific product and not to other images
in the observation. By way of example, note
the first column listed under flood plain. The
first entry indicates that only the image of
MSS Band 4 (spectral band code - 7) contains
useful data related to a flood plain. The
second entry indicates that all bands of both
sensors contain data showing flood plain.

The format of the Image Descriptor Index is a
series of pages, as illustrated, preceded by a

con'coi_'d_ance', which lists all image descriptors
and.the rjumber of times each was used. A -
sample concordance list is shown in Figure
49, '

February 23,1972
CONCORDANCE LISTING

NO.  DESCRIPTORS
CANYONS
HYDROLOGY
VOLCANO
CITIES

FOREST
ZOLOGY
GEOLOGY
OCEANOGRAPHY
MILITARY
DESERT

O S o T N W -

Figure 4-9. Sample Page, Concordance
Listing of Image Descriptor Index

/- IMAGE DESCRIPTORS

FLU0D
182091 76x tLe20"1BOX 1G4209.83x 1.87,91802 10830927Cx
1LvaCY9e8s, 1¢+5072 8% 10tB3940x 1LbaL9203X  106939155XL
1C69C917¢x Lrcp928s.y 1./0092E83L  1.7.3929030  1079C9145x
109.w9:98xL  102i07700% .09169203x 1w91u22L9 15791.9208x
i0ysLTI 23 1095Lzidon 1095091¢23x luyse5133a 109509133xL
169709175 10u7"917éa 1C97(518Lx 1097G9133x 1037C9188x
1577.5¢ . Lxa 105752 4 129229205 1597032C5x 133709208x
1.47.52e¢3x 10977 v2¢kaa 109709228 1C970523Ca 109729233x
Iuvs . mceea 1087056508 1L37I5eb3x 1U97u9eoos
FLOOD UAMAGE
iL@8LYyrlcor 1CPen9223x 1G2ED9d25x 102409228 102899%23Cx
1.6-Co<HdlL  10e=0920516 1C64292881W 1.71C91956 1671291988
ILTTCTiE 98 10770914950 Q077291685 1.7%U912be 107909128~
PLSaCPLAN
16/9051307c 10792913379 10799913574 10790913478 10790914078
1U82.5226K 108229230AL  1C5809235xh  1U960I238X 109809240
1Ly Saloll 1003 1L
+8G
15,4309 5a% 103~ "534%bx 1038 9988xL  1C34y9350x 103409363x
103709145x  1CIEI%2LUA 1038C9613x 103109215x 13809218
iL3p09%c¢3IaX,.  103AC5235 1¢3999215x 1C3%09214xL  103929220x
10560L9eH3xR 105095259 1056092548 LCS7G914030 10573914330
1izeCIu b x 105159013 1¢59991283x% 1.5909185x 1C5009198x
1LediYd3exo  LORZO925UAN  1CAZ03Ea3xd  1(83C92737 1083092757
108, 51650 105455168x 10340917CXL  14L8409173x 1088091 75XL
10K3.9254x 106909295 1C8509<581E 1085092601Q 1085092631E
1Le009258x 1060L93.0X 1C86093C3IXL  1U860U93Cha 108609308
1L8765.60x 108709143 1,87C0%165x 156809228X 10!335239XL
FoLl
1U9%05:608a 1CE8C51AIBA 1054091658 1CHaQI16884 10543917084
1.,56C2288x  10E625290X  LCHLOTELAAL  1T60092104C 106CI92138C

1 3%) i 1097.91%CKkE 10970914348 1L9709185xn  109839220X%

“#* CODE
“8~ CODE

L-D TENS OF SECONDS

L———= MINUTES OF HOUR SINCE LAUNCH

L HOUR OF DAY SINCE LAUNCH

L OAYS SINCE LAUNCH

b 9 SATELL!ITE NUMBER {1 + ERTS A, 2 - ERTS B)

15%309273x 104309275 100309278« 1Ca3C928vxy  1G43L9283xL
106909158x 166309160 196909163x 10692916b5g 1665G91L8x
127309148x 107939153 187904153 3CT7ILIL55x L1CBECYE 15k~
169109210% 1094091037  1u9a0S1CH/L  1C9C91087  1G9HUIIECK
109509135xL 1095C9138x  1U95051ala  1C97CH17ux  1L9703173x
1C97093188xL 1G970919CX 1097051931 1C97CS195KL 1GS70S158xL
109709210 1097C9213xL  1u970521%a  1097C9218x 1097C92ECx
1C9709235XL  109709238xK  1U970924LAL 1CY7CF243x  1C5709¢w64
102809245 1028092432 1830926548  1063CI26843 10630927048
1L71092008 1071092038  1U7309320xL 1073C9325%  1C7/091605¢
16790914378 3108209218x 1 1 3x  108209225x
1098509243x  109809246x 1098092482 1099CI1951C 1099091921C
103409385 303709175x  103705178aL  10370%180XR  1037CI1A3xL
103809220x  103809223x  103809228X  103acY228x  103809230x
163509223x  104009G53x  10aC0509%x  1040C30981  104C091COXL
10570914530 1057091883F 1US70915U5F 1057C91533D 105409078X
1062092002 106009203x  1U6CO§2Chs  1CA2C923Ixg  108209235xp
1083092787, 10830926C7R 1083092837 1084C9160X 108409163x
108409178 1 w1 5 3 S24CXR 1
108609265%  L08609288xL  1G:A609290AL  1086CI2IIAL  1GE6QIRISX
108609310%  108609313XR  1UB609315x  1C87C9155x  1C8709158x
1C8809233x  1091091832€ 1091091852n 1091C91882¢ 10910915C2E
105509183x 1055091 85x0 "1USH09148x 1056C3200x 108809248x
166C09215%0 106109350x  1U6105353x  1097C9173x3 1G9709175x8
109809223X  109809225xL  1U9B0S228X 10980933

10%80%9230x

TGINAL

Figure 4-8. Sample Page of Image Descriptor Index



4.2.2.2 Forms

When images are shipped to investigators, a
form is included for lisling the appropriate
image descriplors and identifiers. Figure 4-10
illustrates a sample lmag Descriptor. Form.
Investigators are requested to mail this form
back to the NDPF after they have analyzed

the images and noted the descriptors they feel

pertain to each image.

After fhe Investigator’s Name, Date, 'Inw_esti-
gator's ID and Agency fields are completed,

the investigator should decide if there are any -

descriptors he believes will be used consider-

tMAMLE Ve DuRIF e FORM
ably more frequently than others. If there are
such descriptors, the investigator writes them
in the first row of blank columns under the
header, FREQUENTLY USED DESCRIP-
TORS. Each image ID to which the investigalor
assigns_ descriptors is written 1 the PRO-
DUCT 1D column. The identificalion mclude:.

band and product type codes.

'lf an image is.to be described by a descriptor
in: the FREQUENTLY USED DESCRIPTORS
column, a check (J) mark is all that is

zrequwed ~Other descnptors which are not
_frequently used are written separately in the
: DESCRIPTORS column.

ERTS IMAGE DESCRIPTOR FORM

USER NAME __

DATE

USER 1D _

AGENCY __

““PrRODUCT 1D

FREQUENTLY USED DESCRIPTORS

(Im:n_un: Bano ano PaooucT) F;OG‘

*

- " DESCRIPTORS

1017182656A ‘/

DUNE

*
FOH DESCRIPTORS WHICH WILL OCCUR FREQUENTLY, WRITE THE DESCRIPTOR TERMS IN THESE

COLUMN HEADING SPACES NOW AND USE A CHECK
(For oTH:R DESCRIPTORS, WRITE THE TERM unoer THe DESCRIPTORS COLUMN).

MARK IN THE APPROPRIATE ProoucT ID wines.

MAIL TO ERTS User Szrvices

Cooe 563

Bioas 23 Room E203
NASA GSFC
Greenserr, Mo, 20771

Figure 4-10. Image Descriptor Form
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VOCABUL ARY
DCS CATALOG

4.2.2.3 Vocabulary

The possibilities of cooperative exchange of
information through the use of image de-
scriptors are numerous. The ease of exchange,
however, can be greally increased by estab-
lishing a commoen vocabulary. The NDPF
computer system has been implemented to
handle two types of image descriptors; the
first type is from a suggested vocabulary
supplied to each user and the second type is
one which an investigator creates and is not
contained in the suggested vocabulary. The
two types of descriptors together comprise
what is known as an open vocabulary. No
restrictions are placed on investigators who
wish to supply their own descriptors.

The suggested vocabulary has severa! advan-
tages over the open vocabulary:

1. 1t maintains a consistent use of
descriptors from one image. to
another

2. It simplifies the exchange of infor-
mation among different user groups.

As a step toward the development of a
suggested vocabulary, a list of approximately
400 terms has been compiled that pertain to
remote sensing of earth resources; the vocabu-
lary is presented in Table 4-2. The terms were
chosen for their diagnostic potential in evalu-
ating ERTS imagery.

The suggested vocabulary is provided as the
basis for which individual investigators may
describe image contents which fall within
their field of interest. As might be expected
from such an abbreviated grouping, all earth
resource disciplines may not yet be evenly
represented in the suggested vocabulary.

Information searches of the data base may be
made using descriptors from the open vocabu-
lary. The difficulty hereis that the descriptors
from the user-created vocabulary are only
known to the person or group entering them
into the system, which tends to reduce the

ORIGINAL
~TEMBER 1 1
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overall-value of the analysis and decreases the

_exchange of information between groups of

users.
423 DCS Catalog

The Data Collection System (DCS) relays
messages from platforms to the NDPF for
distribution to users. The nature of the
messages is a function of the platform and its
instrumentation sensors. Since each platform
is different and separately owned by specific
investigators, the NDPF limits its processing
to validations, sorting, and formatting. As a
result, the DCS Catalog is restricted to a
summary announcernent of the data collected
during a 30-day reporting period.

The Catalog is printedandde!ivéred every 30
days and contains the following for each
platform:

1. Platform identification
2. Primary user’s iaentification

3. Platform geographic location (lati-
tude and longitude)

4, Time of first transmission in the
reporting period.

5. Time of the las: transmission in the
reporting period

6. Total number of messages within this
time range

7. Total number of messages sent by
the platform since its inception

The format of this DCS Catalog listing is
shown in Figure 4-11. Additional information
concerning the platform sensor package, the
sensor units and calibrations, and the message
formats are normally available from the pri-
mary user. The User Services Section main-
tains an up-to-date list of ail primary users
and platform owners and will provide assist-
ance in obtaining information for other in-
vestigatdrs.-



Table 4-2. Earth Resources Vocabulary

VOCABULARY (.11

A

Acclinal Valiey
Active Glacler
Active Volcano
Actiniform Clouds
Adobe Flat
Advancing Glacier
Advancing Shoreline
Aerial Imagery Used
Agriculture

Airfield

Alfalfa

Algal Bloom .
Alkali Flat (use Salt Flat)
Aliuvial Cone
Alluvial Fan
Alluvial Flat
Alluvial Plain
Alluvial Terrace
Altocumuius
Altostratus
Anaclinal Stream
Anaclinal Valley
Annular Drainage Pattern
Anticlinal Mountain
Anticlinal Valley
Anticline
Anticlinorium
Anvils

Aquifer

Arroyo

Ash Cone (use Cinder Cone)

Atoll

Atoll Reef
Avalanche
Avalanche Scar
Axial Stream

B

Back Bay
Backshore
Badland

Bajada

Barbed Tributary
Barchan

Barley

Barrens

Barrier Bar
Barrier Beach
Barrier Flat
Barrier lsland
Barrier Lagoon
Barrier Lake
Barrier Reef
Basin

Basin and Range
Batholith

Bay

Bay-Head Bar
Bay-Head Beach
Bay-Head Delta
Bay ice
Baymouth Bar
Bayou

Bed

Bedrock

Belt

Beited Plain

B(conta) D p=
Billow Dam Harbor
Billow Cloud Deciduous Hardwood Vorest
Bioluminescence Delta Hay
Bird-Foot Delta Deltalc Coastal Plain Haze
Blight (use Diseased) Dendrlt]c Drainage Highway
Bog (use Marsh) - Depressior Hogback
Braided Stream Desert . Horst
Breakwater (use Jetty) Desertiine Hourglass Valicy
Bridge Dike L Hurricane
Broken Ciouds Df‘?‘“d Vegetation Hurricane Damage
Brush Divide Hydrology
Butte Dome :
Dormant Vegetation
C Drought Conditions I
Caldera Drumlin Ice
Canal Dune lceberg
Canyon (use Valley) " :z: ::;‘:
g:st;g}aphy Earthquake Damage Ice Pack
Echelon Fault fce Shelf
Catchment Area Eddy IRI (Image
Cay EEO (Excellent Referenced in
H Journal

g::g;ﬁ.;loua Pattern Example of) Keyword Industrial Area )
Cinder Cone End Moraine Inlet
Cirque Entr?nched Stream Intier

i rosion insect Damage
g;::gz;:‘tzl:s Esker Inshore Zons
Cirrus Estuary Insequent Stream
Cirrus Shield B Interlacing Drainage
Citrus Fall Line Interrl"lontane Floor
City Fallow Field Intrusion
Clearing Fan Irrigation
Closed Basin Fault Isiand
Closed Fault Finger Lake Island Arc
Closed Fold Fiord Isthmus
Cloud Streets Fire
Coast Firebreak
Coastal Current Fire Damage Jet Stream Indicatcd
Coastal Dune Flood jetty
Coastal Marsh Flood Damage
Coastal Plain Floodplain X
Coast Line Fog Kame
Col (use Gap) Fold Karst
Cold Front Forest Kelp
Cone Forest Fire Kettle
Conifer Forest Fire Damage Key (use Cay)
Consequent Lake Frost Damage Klippe
Consequent Stream Frontal Wave
Consequent Valley Frozen Lake I
Contact Frozen Soil Lagoon
Coatinental Shelf Il:a:e Beq
Copses ake Be
Coral Head G Landslide
Coral Reef Gap liatef ite .
Corn Geofracture attice Drainage
Cotton Geography Pattern
Coulee Geology Lava
Crater Geosyncline Lfee Wave
Cropland . Glacier L!neament
Cross-Bedding Gorge (use Valley) L!ttoral Cu.rrent
Cross-Fauit Graben Littoral Drift
Cuesta Grass Littoral Transport
Cumulonimbus Grassland Locust Swarm
Cumulus Gravel Deposit Locust Damage
Current Grazing Land (use Pasture) Longshore Bar
Cusp Ground Truth Used Longshqre Current
Cyclone Gulf Lumbering Area
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VOCABULARY LIST

Table 4-2. Earth Resources Vocabulary

M

Maar

Marsh

Massif

Mature Stream
Mature Vegetation
Meadowland
Meander

Mesa (use Butte)
Meteor Crater
Meteorology
Metropolitan Area
Microwave Data Used
Millet

Mine

Monoclinal Valley
Morainal Delta
Morainal Lake
Moraine
Mountain

Mud

Mud Flat

Muskeg

I3
Nappe
Nunatak

o

Oasis

Oats

QOccluded Front
Oceanography
Oil Field

Oil Slick

Open Pit Mine
Orchard
Orographic Cloud
Outlet

Outlier
Outwash Plain

P

Parallel Drainage
Park

Pass (use Gap)
Pasture

P{cqnt'd)
Pediment
Pediplain
Peneplain
Peninsula
Permafrost
Piedmont
Piedmont Plain
Peidmont Scarp
Pier {use Jetty)
Pinnacle

Plain

Plankton Bloom
Plateau

Playa

Playa Lake
Plowed Field
Pond(use Lake)
Potatoes
Prairie

Pressure Ridge
Protozoans

Quarry

Radial Drainage Pattern
Railroad

Rain Forest

Raised Reef
Rangeland

Rapids

Ravine (use Valley)
Rectangular Drainage
Red Tide

Reef

Reservoir (use Lake)
Residential Area
Retrogressive Shoreline
Rice

Ridge

Rift

Rift Valley

River

Road (use Highway)
Runoff

Rural Area

Rust

Saline Dome
Saline Soil

Sait

Salt Flat

Salt Marsh

Sand Dune (use Duné)
Savannah )
Scar )
Scattered Clouds
Scrub

Sea

Sea Grass

Sea Wall
Secandary Front.
Sediment
Shallow Water
Shield

Shipyard

Shoal

Silt

Sink

Slash

Slick

Smce

Smoke

Snow

Snow Pack

Soil

Soybean

Split

Spring

Squall Line
Stationary Front
Step Fault
Steppe
Stoss-and-Lee Topography
Strait

Strath

Stream

Suburban Area
Sugar Beet

Sugar Cane
Swamp (use Marsh)
Synclinal Valley
Syncline
Synclinorium

Terrace

" Tidal Flat

Tidal Wave

Tidal Wave Damage
Thrust Fault
Timbes line
Tobaccu
Tombolo
Tornado

Tornado Damage
Towering Cumuli
Transverse Fault
Transverse Valley
Trellised Drainage
Trench

Tributary
Tsunami

Tsunami Damage
Tundra

Typhoon
Typhoon Damage

Upwelling
Urbar. Area

AVa
Valley
Vegetation
Vineyard
Volcano

W

Wadi (use Arroyo)
Warm Front
Wave

Wharf (use Jetty)

XY 22
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VIO M8 bt 100 s i -

DATA COLLECTION SYSTEM CATALOG

MM/DD/YY

CATALOG CYCLE: FROMMM/DD/YY TO MN/DD/YY

PLAT.ID USER ID LATITUDE

N E
S

DEG_ MIN ~ W___DEG

LONGITUDE

MIN

PAGE NN
TIME PERIOD _ TOTAL
_. NO. OF NO. OF
FROM  TO 'MESSAGES |

MESSAGES

Figure 4-11. Format of DCS
Catalog Listing

4.3 MICROFILM IMAGES

Every 18 days the NDPF Microfilm Facility
produces high quality 16-mm microfilm of
representative imagery covering one 18 day
observation cycle. These images are solely to
indicate to the investigators what imagery is
available and are not intended for data anal-
ysis,

As in the case of the Siandard Catalog, the
microfilm data is divided into U.S. and
non-U.S. segments. Each set of microfilm
images is in exact correspondence to a Stan-
dard Catalog and can be used in conjunction
with the catalog for selecting desired, images.
The catalog contains roll and position num-
bers and data which, alond with the microfiim
image, provides the investigator with enough
information to decide whether or not the
observation (scene) is useful to him.

Because the microfilm images are intended to
provide only a summary of the data available,
the images are limited to one band each for
the RBV and MSS. Thus, although a single
observation will produce seven (eight for
ERTS B) images, in the production of micro-
film only the RBV Spectral Band 2 images
and the MSS Spectral Band 2 images are

4-17

reproduced on microfilm. Each image 15 «
photograph of a bulk processed image and
contains the image identifier and full annota-
tion block as described in Section 3. A typicai
roll of microfilm contains the following:

® 1 [_eader Frame of Microfilm ldenti-
fication

® 1 |eader Frame of Map Coverage
(Outline Map as contained in the
Standard Catalog)

® Up to 1000 Frames of RBV Images

® Up to 1000 Frames of MSS Images

The microfilm is on open reels suitable for
mounting by the user in a cartridge of his
choice. Two rapid search capabilities are
incorporated on the microfilm. The first
allows counting images for precise location of
them and requires the counting capability on
the viewer being used. The second is a moving
bar indicator which permits gross locating of
images to within about 200 images. Details of
these two schemes are described in the Stan-
dard Catalog.

QPIGINAL
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MICROFILM IMAGES
USER/VISITOR ASSISTANCE

— _i‘_ - .
~ microFitM || ouTune || Rmev || wmss || mev || mss
16 mm /I MAP " IMAGE || IMAGE | | IMAGE IMAGE
i — ! b ]
— — | Tt I
ERTS OBSERVATION NO. 1 2 ETC.
' : ' (TO 1000)

Figure 4-12. Sample Format of Microfilm Roll

The RBV and MSS image frames will be
alternating per observation on the roll of

microfilm as shown in Figure 4-12. The total
number of rolls of microfilm produced in an
18-day cycle is:

Approx Total No.
Coverage No. of Rolls of Images Breakdown

u.S. 1 2000 1000 RBV images
1000 MSS images

Non-U.S. 3 5000 2500 RBV images
2500 MSS 1mages

A complete set of microfilm data is main-
tained in the NDPF Browse Facility for
visitor’s perusal. High volume production of
the microfilm data has been provided and
data sets are available for routine distribution
to users.

4.4 USER AND VISITOR ASSISTANCE

Assistance is provided to users and NDPF
visitors by specialists in the Browse Facility
where a means of examining and selecting
products in a convenient and well-equipped
facility is provided. Visitors to the Browse
Facility may place orders for images here and
receive technical aid through associated publi-
cations contained in the Browse Facility
tibrary. '

The Browse Facility, located in Room 204,
Building 23, at Goddard Space Flight Center,

“RIGINAL
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Greenbelt, Maryland, contains the products
and references listed in Table 4-2.

Table 4-2. Browse Facility Contents

w

1. Selected data samples of 9-3/2 x 9-1/2 inch positive
transparancies and prints cansisting of:

a.  Bulk processed RBV and MSS images
b.  Precision processed RBV and MSS images
c.  Calor composite images

2. 16-mm roils of microfilm (black and white images) - quantity equal
10 the number of 18-day coverage cycles completed.

ca. U5, data coverage (1 voll per 18 days)
b.  Non-U.S. data coverage (3 rolls per 18 days)

3. Data Coliection System data
4.  lmage annotation data
References and Facilities

1. Atlases (U.S. and World)

2. Data Catalogs

a.  Standard Catalog
b.  Image Descriptor {ndex

Light tables for image inspection

Microfitm viewers (manual and'index search)

Remote CRT Computer Terminal (for a NOPF Information
Systems data base search and query.

R

6.  Table workspace

4. Trained ERTS personnel for user assistance




A full-time Browse Facility assistant is avail-
able to instruct and assi¢ visitors in the
capabilities and operational aspects for the
NDPF Browse [Facility. The assistant will
place orders for imagery, catalogs, or micro-
film for investigators desirin retention copies
and will instruct and aid investigators in the
use of the query system.

The Browse Facility assistant is available to
demonstrate thz u.e of catalogs, atlases and

use. guides. A log of all reference maierial is

maintained in the Browse Facility and is
available to visitors. The assistant will provide
instruction for operation of light tables,
microfilm viewing equipment, and the CRT
terminal.

4.5 COMPUTER QUERY AND
SEARCH CAPABILITY

Information about every image processed is
maintained in a data base in the NDPF
computer. This information consists of two
basic types:

1. imagery parameter information al-
ways available from the normal
NDPF activities such as in Table 4-3.

2. Information resutting from investi-
gator analysis of images and sub-
sequent submission to the NDPF in
the form of user supplied image
descriptors.

In order to permit investigators to con-
veniently search this data base in a flexible
manner, a special computer program known
as Query Processing is available. It can be used
either in a batch mode or in an interactive
mode directly from a remote Cathode Ray
Tube (CRT) terminal in the Browse Facility.
In addition, investigators may phone a User
Service representative and research the data
base with the User Service representative
operating Query Processing from his remote
computer terminal.

A complete fanual describiﬁg the Query
Processing program is available at the NDPF
or can be obtained from the NDPF for those

4-19

SEARCH CArmoiLll ¢

investigators expecting to make frequent usc
of this service. : '

Table 4-3. Imagery Parameter Inforimation
" Stored in NDPF Computer

’ blnarvntion 1D Sun Elevation

| Orbit No. Sun Azimuth’

.- Station 1D Quality {Good, Fair, Poor)
Ephemeris Type Cioud Cover (percent)

- . {Best fit or predicted)

Transmission Mods . Geographic Area

(Direct or

Recorded)
Altitude Time
,ﬂuding : Sensor
Track Image Product

(Type & Spectral Band)

The program is such that a search can be
made for given time periods, given geograph-
ical areas, any one of the items listed in Table
4-3 or by any descriptor in the Image De-
scriptor Catalog supplied to users. Moreover,
the program is sufficiently flexible to allow
almost any logical combination of search
criteria to be specified.

The normal output of a search is the number
of images found which meet the specified
search criteria. Additional outputs can be
specified as follows:

1. A Listing of all image identification
numbers for those images satisfying
the search.

2. A Catalog as shown in Figure 4-13
containing one-line descriptions of
each image which satisfy the search
criteria. The information for each
image is essentially the same as de-
tailed in the Standard Catalog.

3. An Image Output which is a printout
‘ of all data in the data base for each
image which satisfy the search cri-

teria. See Figure 4-14.
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BROWSE PROCESSING EXAMPLES

04/29/72 STANDARD CATALOG 04/10/72 T0 04/27/72 PAGE |
KEY TO IMAGE CLARITY o ¢
6: 6OOD
F:FAIR
Pz POOR
THE IMAGES INDICATED BELOW ARE ON MICROFILM ROLL NUMBER: 00
8ULK PREC.
OBSERV. iC MICR. PAS.# DATE CLOUD PRINCIPAL POINT SUN SUN RBV MSS  BULK - COLOR  PREC.  COLOR  DIGITAL DCS
RBV  NSS COVER  OF IMAGES  ELEV. AZIM. 1 23 1 2 34 RBV MSS RBV MS3 RBV MSS RBV MSS RBV MSS DATA
A00112250 0001 0002 07/01/72 45 - 44.290N 83290W 31.2 31.2 66GPPPF X X X X X ¥ X X X X X
A00 112255 0003 0004 O07/01/72 60 42.500N 83500W 304 304 6666666 X X X X X X X X X X
A00112258 0005. 0006 O07/01/72 40 40.400N 84.280W 300 304 FFFGGFF X X X X X X X X X X
A00 {12263 0007 0008 O7/0i/72 30 40.100N 80480W 285 304 PFGFFGP X X X X X X X X X X
A00112265 0009 0010 07/0t/72 35 38.580N 85.260W 28.0 305 6GGGFFF X X X X X X X X X X
A00212250 0011 0012 07/02/72 20 37.190N 85500W 280 30.2 PPPPPGG X X X X X n X
A002i2255 0013 0014 07/02/72 30 35.190N 86.190W 279 299 FFFGGPF X X X X X X
A00212258 0015 0016 07/02/72 - 10 34.340N 86.590W 27.9 298 6666666 X X X XX X X
AUG2I2PR3 0017 0018 07/02/72 15 35.290N 87.100W 278 257 FFFGGGF X oY ¥ X X
A002i2265 0019 0020 07/02/72 45 31.490N 87490W 278 287 GG FFFG6 X X X X X X X X
[ N e’ - e
*STOP# 0 INAGE AVAILABLE
QUALITY PRODUCTS :
Figure 4-13. Browse Processing — Display Catalog Output
OBSERVATION ID: 153100361 DATE: 06/04/73
ORBIT NUMBER: 2345 PICT CENTER (LONG): 7.300 DEG
TOTAL CLOUD COVER: 93 PICT CENTER (LAT): 35.110 DEG
STAYION: GOLOSTONE ALTITUDE: 23.2 DEG
EPHEMERIS TYPE: REFINED HEADING: 7417 NM
TRANSMISSION MDDE: DIRECT TRACK: 32 DEG
SUBLAT POINT (LONG}: 256.791 DEG SUN ELEVATION: 0.1 DEG
SUBLAT POINT (LAT): -73.428 DEG SUN AZIMUTH: 1.8 DEG
BLOCK: CONT.US. BCS DATA: YES
NUMBER OF PRODUCT ENTRIES PRESENT: 43
INDIVIDUAL SENSOR STATUS QUALITY
CLOUD COVER TABLE
RBV 1 on G000
2 780 3 RBV 2 OFF GooD
RBV 3 ON POOR
59 6 7 )
MSS 1 ON GO0D .,
6 1 8 4 MSS 2 OFF POOR
MSS 3 OFF FAIR
MSS & ON [hiv]n)
19 6 3
ABSTRACTY DESCRIPTORS: *RIVERS ® LAKES * DESERT
*PRODUCT ENTRY" -PBODUCT CODE- 175-L-19:V
BAND PRESENT 'BAND PRESENT
RBV1 YES 1551 NO TYPE: BULK
ABV2 NO MSS2 YES SIZE: 50x50
RBV3 YES MSS3 YES GRID NUMBER: 19
MSS4 YES TICK MARKS: UNIVEFRSAL
DATE PRODUCED: 01/01/72
DATE OF LAST REQUEST: 03/15/73 ]
ORIGINAL REQUEST NUMBER. an
NUMBER OF REQUESTS: 31762

Figure 4-14.

Browse Processing — Display Image Output



in addition to any or all of t'.e above outputs,

a reques_t can be made fo- copies of those
images satisfying the search criteria.

An example of the use of Query Processing
via telephone is as follows:

The User Services representative
receives a telephone request. The
investigator says that he wants all
pictures for April 1972 for which

_users have identified cornfields (key-

word: Corn).

The representative dials the com-
puter and, through the Query Pro-
cessing Program, receives a count of
such images. If the count is ex-
cessively large, he might ask the
investigator to delimit his request.

4-21/22

QWUEKY PRULE SSING

® The investigator decides he really
wants only those pictures with cloud
cover less than 20 percent. '

®  The representative asks the computer

" to select from the first results those
meeting this new criterion. Again, a
count is returned.

® This delimitation can continue as
long as necessary. At the end the
investigator can order those images
that satisfy his final search.

For investigators using Query Processing at
the Browse Facility, the option exists to have
special header labeling printed on the various
outputs of the program. This option facili-
tates the investigator’s preparation of reports
based on his searches of the NDPF computer
data base.

ORIGINAL
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APPENDIX
PAYLOAL

The Earth Resources Technology Satellite
payload includes: a Retur.i Beam' Vidicon
(RBV) camera subsystem, a Multispectral Scan-
ner (MSS), and a Data Collection  System

(DCS). The RBV and MSS furnish indepen--

dent views of the earth beneath the Observa-
tory, while the DCS relays local envircnmen-
tal information from remote platforms to
.the ground stations for processing and de-
livery to users. This appendix contains a
complete description of the performance
characteristics of each of these payloads. -

A1 RETURN BEAM VIDICON CAMERA

The Return Beam Vidicon (RBV) camera
subsystem contains three cameras that oper-

RBV CAMERA SPI'CIFICATIONS

ate in the following spectral bands:

Camera No. Spectral Band {micrometer}
1 475 - 575
2 ' , 580 — .680
3 698 — .830

Each camera contains an optical lens, a
shutter, the RBV sensor, a thermoelectric
cooler, defiection and focus coils, erase lamps
and the sensor electronics. The cameras are

similar except for the spectral filters contained - °

in the lens assemblies to provide separate
spectral viewing regions. The sensor electronics
contain the logic circuits to program and
coordinate the operation of the three cameras
as a complete intzgrated system and provide
the interface with the other spacecraft sub-
systems. Table A.1-1 shows the major camera
parameters and their expected performance.

Table A.1-1. RBV Camera Specifications

: Camera 1 Camera 2 Camerk 3
Item A75 ~ 575 um .580 —- 680 um }.699 — .830 pm
Crosstrack Resolution (with 90 ip/mm 90 !p/mm 90 tp/mm
high contrast target) :
Edge Resolution (% of center) 80 80 80
Signal-to-Naise Ratio {(at 100% 33d8 33dB 25d8
highlight)
Gray Scale { 2 transmission steps) 10 .10 8
Horizontal Scan Rate (lines/second) 1250 1250 1250
Number of Scan Lines (active video) 4125 4125 4125
Readout Time (seconds of active 35" 3.5* 35*
video)
Video Bandwidth (MHz) without 3.2 (-20dB) 3.2 (-20d8) 3.2 (-20d8)
aperture correction
Time Between Picture Sets (second) 25 25 25
Exposure Set Time (miiliseconds)
{No.) 1 a0 a8 6.4
(No.) 2 5.6 6.4 7.2
{No.) 3 8.0 8.8 8.8
(No.) 4 12.0 12.0 12.0
(No.) 5 16.0 16.0 16.0
Focal Length of Lens f Number 126 mm 126 mm 126 mm

*Readout time includes 3.3 seconds ground scene video, and 0.2 second sync and time code information

ORIGINAL
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RBV CAMERA OPERATION

A.1.1 Operation

The three RBV cameras are aligned in the

spacecraft to view the same nominal 185 -

kilometers (100 nautical mile) square ground
scene as depicted in Figure A.1-1. When the
cameras are shuttered, the images are stored
on the RBV photosensitive surfaces, then

scanned to produce video outputs. The shut- -

ter provides uniform exposure over the photo-
conductor within a maximum variation of 5
percent. As shown in the RBV timing rela-
tionships illustrated in Figure A.1-2, the three
cameras are scanned in sequence during the
last 10.5 seconds of the basic 25 second
picture time cycle. The video from each-is
serially combined with injected horizontal
and vertical sync.

camera system. The system
continues to take pictures every 25
seconds, the three cameras operating
by one command, until the system is
commanded off.

2. Single cycle. — The camera will take
one picture and then revert back to
hold mode until a ‘“‘start prepare”
command is received. This mode
allows a single 25-second picture

 cycle to be taken of selected areas
with the enabled cameras.

THREE RBY CAMERAS
MOUNTED IN SPACECRAFT

185 km X 185 km
{100 zm X 100 um)

SN g DIRECTION OF

FLIGHT

REFERENCE WHITE CLIP

WHITE - .

REFERENCE __ V

BLACK | FLACK CLIP ~—
t

SYNCTF —

105 ———————— ]

0 :2.8.8EC ———b{

89 SEC

Figure A.1-1. RBV Scanning Pattern

The video data interval for each camera lasts
for 3.3 seconds, lines 251 through 4375 of
the composite video output. The format of
the video data is presented in Figure A.1-3.
The 720 microseconds of active video in each
of the lines will be replaced with 1.6 MHz sine
wave when a camera is turned off and the
camera controller-combiner is still operating.

Two modes of operation are possible and are
selectable by ground command.

1. Continuous cycle — This mode is the
normal operating mode of the three-

“RIGINAL

Figure A.1-3. Video Data Format for
One Horizonta! Line

In addition a calibration mode is provided and
is exercised by command. In this mode the
erase lamps provide three different exposures
to each camera which are nominally 0, 30 and
80 percent of the maximum specified input
radiance for each camera (designated as Cal O,
1 and 2 respectively).

The calibration command exercises the se-
quence depicted in Figure A.1-4. The shutters
of each camera are inhibited and the cameras
then proceed through three 25-second picture
cycles producing 9 images corresponding to
three illumination level for each of the three
cameras.

NORMAL | PICTURE [SEQUENCE| Cad calt Cat2 NORMAL]’ PICTURE

~——nt 25 SEC t——

....... v e o




€-v

1461 'S1 ¥38W3Ld3S

AVNIDINO

fe—— ~50sec ——»f TIME —— ({SECONOS)
TURN ON To 1 2 3 [] ? 8 9 10 1" 12 13 1] 15 16 7 18 19 1 b3 2 b 5
i 1 5 1 ;b s 1 N P S SENTINES IR SENT N ST DU SNNTUN SN TS SN T MUY T NN TR WY TUNN N S ST URN SN T SN T Y
'ERASE ]._ START RUN TAPE——' EXPOSE -{
(1) 2 CAMERAS
o REPHASETO VIR 2+ 20 Hz —mi CAMERA KD, 1 VIDED - = CAMERA ND.2 VIBED CAMERA X0, 3 VIDEQ -~
jo— BLACK WITH HORIZONT AL SYHC — VERT SYNL NO.1 == VERT SYNCAD 2 VERT SYNC NO 3
BLACK WITH REPHASED HORIZONTAL SYNC —s|  fe— t- LINE 251 (28 LINE 4375 —ﬁ— LINE 251 (26} LL'EA3TS —ﬂ— LINE 2518 uusmsJ
400 K Hz TONE WITH REPHASED HORIZONTAL SYNC
END AUN TAPE END AUN TAPE END RUN TAPE
REPHASETO |tz IF CAMERA 2 GR 3 OFF -o IF CAMERA 3 OFF " IF CAMERA 3 QN —»
BLALK vii H REPHASED HORIZONTAL SYNC ) a— :
e cor ,
Y J—— CONTIRUOLS FIX MODE RECYCLETO 1
oR
VERTICAL SYNC INTERVAL e ': l'—L SINGLE FIX MODE ENTER HOLD
[} 240 I = n Ky 2 SECOND
LINE 1 LINE 51 LINE 101 LINE 151 LINE 201 LINE 251
| { | [ [} ol
L - h r a - M - s -
COMPOSITE VIDEQ a3
HORIZONTAL LINE FORMATS FIME LODE EXABLE _‘:_’l /J_
LI DATA FOBMAT 285 AFTER EDGE OF
, | RRESPONDING TIME
SYNCTIP = OV - REF. EDGE 28 e AFTER EDGE OF )
! CORAESPONDING TIME . CODE SYNC PULSE
REF BLACK = .0.0v -} EOBE SYNC POLSE REF BLACK
0. AQT REF BLAEK l'|
DT 400 Hz SEE BELOW
. | al gWHz '
R A2 REF BLACK -
REF WHITE = .15V - ! 23 REF FIGURE REF WHITE —- |-— ’ ‘ ! [ y
fo- 80 +} 20| 20 f}a————=}— 0318 —] o) Time cone Vo %) 100 e 100 ! 100 e F 100 | 1980
. 46 VIDEG (IF CAMERA OFF VIDEQ DATA 2 e
e 10 oo 720 | ' REPLACED BY 1.5 MHz TONE) 18 i -] b § psc . fo— 5 usec
50 psac —o= l<— 10 .
COMPOSITE VIDED HORIZONTAL BLANKING I--ll e
SUSINTERVAL FOAMAY
AUXILIARY VIDEO DUTPUT HORIZONTAL FORMATS 11 MARKWORD 5 CY,50kHz
2 VSYNCWD) SCY, 58k
URESTH o D VSYNCNO 1 REFWHITE
25 o] a— -] |25 me : I3VSYNCNOZ SCY, BhkHe
- VSYNCNO2 REF WHITE
4 YSYNCNOD §CY,BaEHz
i VSYNCNO? REF WHITE
IS LINKTEST  &CY,S6kHz
G° PHASE LEAD
FROM11 - K
1 SHARP RISE TIME
i 1
™ PRESENT WHENEVER COMPOSITE HORIZONTAL SYNC
" i TME CODE SYNC | | BT )
[ | [—1
fe— 20 -——' le— 20
“ "‘ o e UINEPULSE  NUMBERING  FORNAT
’—————-—q -
P HoRiZ Iy ;
— L By {n + 1)tn HORZONT AL
TIME CODE ENABLE BLANKING PULSE TTLNE s"un)xma PULSE

0 _—[
PHASE RELATIDONSHIP AT

P AELATIONSHIF AT
START OF LINE 151 ASEREL S

START OF LINE 251

—“1___

Figure A. 1-2.

RBYV Camera Subsystem Timing Relationship
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RESE AU MARKS AND
SCAN ORIENTATION

A.1.1.1 Reseau Marks and Scan Orientation'

A reseau pattern is inscribed on the photo-
conductive surface of the RBV tube. Figure
A.1-5 shows the reseau pattern as it projects
into the scene being viewed by the camera.
The orientation of the pattern is indicated by
using two unique anchor marks in the pattern.
These marks are defined in Figure A.1-6,
along with the other pattern elements. The
arrows in rlgu‘le A.1-5 marked *H” and V"
(lower right hand corner) indicate the direc-
tion of the line and frame scan. The two digit
numbers are assigned to identify each cross in
the reseau pattern; the first digit is a row
number and the second digit is a column
number.

p——— 1000fus 1174 —-— Eo—1

’ r-?ﬁ;bu-& ’ .
218 h.—-—r . Zolm o5
YL“: _—:Tmmuzs' _ =

il T 350m v5
75}&" 5

200um
=128

DETAILA

+
OETAILC DETAIL O

DETAIL A* OETAIL B*
99 98 \ T/ TTTer ¥
O T T T
89 | 81 S
+ 4+ + + + + + + + 3
| M o
+ + + + + + -
vt | DETAIL D*
61
v 4+ 4 + + o+ o+ o+
~ < I 51 =
TRt — bt — b —— 5
f | al |8
+ O+ 4+ o+ 4
N | 34 33 32 31 |8
o
S+ + + + + + + + + |5
s | 20 23 2 20| %
8l+ + + S T S W
19 18 17 16 15 14 13 12 1
T R R R .
fe—12.7040.05 1270+ 0.05 —f

DETAIL C*

CAMERA FEET

*SEE FIGURE A.1-6
FOR DETAILS A-D

Figure A.1-6. Reseau Pattern Orientation

blades with offset cutouts which sweep across
the vidicon aperture to provide the pre-
commanded exposure time to each portion ol
the photoconductor.

The unique anchor marks are iocated at the
(nominal) edges of the scans. The edges will
drift: somewhat because of circuit tolerances
(the overall size-centering tolerance is +2 per-
cent); however, the stariing point of the scan
is somewhat tighter. The reseaus will be
mapped on the vidicon faceplate with approxi-
mately 3 micrometer accuracy.

Figure A.1-5. Reseau Marks on Scene

The orientation of the whole camera with
respect to the projection of the reseau patiern
into the scene is given by the “‘camera feet”
indication in Figure A.1-5. The camera lens
reverses and inverts the scene, so that the
actual orientation of the reseau pattern on the
vidicon in the camera is also inverted and
reversed (shown in Figure A.1-7). The orbit
track direction and shutter motion direction
are also shown. The shutter mechanism in
each RBV camera consists of two adjacent

“TIGINAL

ELESTHOR BEAM

ViDicoN CAMERAFEFT

DDUBLE

10 CLOSE
BLADED
SHUTTER -——1

"’ﬂ BV 100 &M

Figure A.1-7. Camera-Scene Orientation




A.1.2. Performance
A.1.2.1 Resolution

Typical modulation transfer functions (MTF)
for the RBV (lens, vidicon iand amplifier) are
shown in Figure A.1-8. An improvement in
the basic MTF, with a corresponding decrease
in signal-to-noise ratio, is possible by utilizing
the aperture compensation command. With

this command ea.n RBV camera employs a.
secondary amplifier system for the raw video~

which incorporates specific frequency re-
sponse shaping networks. It is important to
note that this improvement in MTF will apply
to the cross-track direction only and cannot
compensate for smear degradations occurring
in the along-track direction. Annotation on
each image will state if aperture compensation
was ‘'in"" or “out.” :

. RADIOME TRIC FDELITY

image. All errors are effects associated with .
the electrornagnetic characteristics of the vidi-
con camera.

Table A.1-2. Positional Effects of
Raw Internal RBV Errors

IMAGE

OPTIMUM APERTURE
CORAECTION

NO APLHTUAE
CORRLCTION

SINE WAVE RESPONGE (%)

. e [ O | PRSTDYN R S ¢ 1 l A J
1 70 kL) “ L % 0 J0 s e
SPATIAL FREQUEACY ICYCLESMMI

L o~ JRNS VRS U S L 1 Loy
an 1 1a s 21) 2% 18412
VIDEQ FRLOU: NCY MMy

7 RASTER ROTATIQN D 1 DEGREE 794
.. . b

. . ILLUSTRATION | - BBV DESIGN
STEM | NAME OF ERgOR OF ERROR SPECIFICATION | Treeer i
. CTYPE VALUE w
1 HACNETICLENS @5 1% OF MAXIMUM w2
2 SCURVE 0.200 MM AT CORNERS a1
r -
3 SCALE ;il!: 1% a2
[ -
h H -"1- mmxmuﬁ EACH
' 1310
. CENTERING i b,

5 NONLIKEARITY ;lx’:SMAXIMUM EACH 518

3
§ SKEW D 315% MAXIMUM n

Figure A-1-8. Typical Sine Wave Response — RBV
Camera (at center of image, with
high contract target)

The limiting resolution at the center of each
camera at the video bandwidth of 3.2 MHz is
90 I/mm, which is equivalent to a bar width
of approximately 45 meters on the ground.
Edge resolution will be no less than 80
percent of center resolution. A more detailed
presentation of resolution with other than
high contrast targets can be found in Para-
graph F.3.2 of Appendix F.

. A.1.2.2 Geometric Fidelity

Table A.1-2 shows the raw internal RBV
errors and includes, for reference only, the

positional effect of these errors on the output -

A.1.2.3 Radiometric Fidelity

Based upon the definitions of shading given in

‘Figure A.1-9 and test results, it is expected

that for cameras 1 and 2 at points 10 percent
down, the center, and 10 percent up on the
image, the shading characteristics will be
approximately 60 percent signal shading at
the corners and 30 percent black shadingin a
one inch radius quality circle. For camera 3
(red) the shading goes up considerably;
approximately 40 percent in the circle of
quality and greater than 100 percent at the
corners. These conditions are summarized in
Table A.1-3.

W

WaiTE 44 wanesnaome vy
VIDEG | =T e~ W =
VOLTAGE ~7¥:

BLACK e e BLACK SHADING Vaw

—
- =
- \\.)B

DISTANCE ALONG HORIZONTAL AXIS; OR
POSITION ALONG HORIZONTAL VIDEQ LINE

Figure A.1-9. Shading Definitions

ORIGINAL
SEPTEMBER 15, 1971




RADIOMETRIC ERROR EFFECTS
RBV EXPOSURE CAPABILITIES

Table A.1-3. RBV Shading

T T ] Rueveamina
1 ? 3
SIGNAL SHADING i) 6 | 6o | o0
BEACK SHADING IN T INGH
KAMDS DUALITY et () 30 kii} 40

As described in Appendix F and Appendix G,
shading is compensated utilizing RBV radi-
ance maps in the NDPF correction processes.

Figure A.1-10 illustrates the RBV camera
subsystem and graphically shows the effects
of radiometric errors as an input is processed
through the camera subsystems.

SIGNAL QUT

OVERALL RESPONSE i
]

ol =

DARK-LEVEL | ‘ ‘
CORRECTION
(ADDITIVE) |

SHADING CIRCUITS ! |©
SGNAL | | oven connecnan [
(MULTIPLICATIVE) L _II © UNDER CORRECTION

1

ELECTAONIC

» STATIONARY NOISE
SIGNAL ANODE » RANDOM NOISE i

ELECTROM MULTIPLIER
ELECTRON GUN
RETURN REAM (V)

s

S
FLECTRON-OPTICAL /
= BEAM-LANDING ERROR

1

=
x
e e e Y
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SCANMING 8EAM (€)———}—| « FIELD MESH SHADOW
) .
FIELD MESH PHOTOCONDUCTOR
—— » SENSITIVITY [ @
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SHUTTES —_ —
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/\ :1"
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Figure A.1-10. RBV Camera Subsystem and
Radiometric Error Sources

A.1.2.4 RBV Exposure Capabilities

The capability of the RBV cameras to recog-
nize specific scene radiance without saturating
is a function of the light transfer characteris-
tics (LTC) and time of exposure of each
camera. The LTC relates voltage output to
exposure for mean levels or levels in large
areas (near zero spatial frequencies). Figure

MGINAL

A.1-11 presents a typical LTC for Bands 1

and 2. An estimate for Band 3 is also shown.
This information will be updated in a supple-
ment to the Handbook.

1000 ~
oo |- :
BrNDS
152
8
[
5 mf -
2
=]
g owr /<
z yd
i BAND 3
Z sk (ESTIMATED)
w
NOISE
20 /
v I ) 1 1 L 1 Lo
0001 000z 0005 001 00z 095 21 02 g5 1

EXPOSURE - FOOT CANDLE SECONDS

Figure A.1-11. Light Transfer Characteristics at
3000°K for RBV Bands 1 & 2

The saturation level for Bands 1 and 2 is 0.78
M joules/cm2 and 1.2 u joules/crn2 for Band
3. The maximum mean radiance of a scene at
the vidicon faceplate is related to the satura-
tion levels and exposure time by:

2 .
N = AT7EX  (watts/em? — ster)

t
WHERE
N = Mean radiance of scerie at
vidicon faceplate
T = Effective f number of lens
t = Exposure time
Ex = Saturation exposure

Based on this equaticn, Table A.1-4 delineates
the exposure time Ssettings along with the
value of scene radiznce at saturation of the
vidicon.

Table A,1-4. Scene Radiance at Saturation for
Various Exposure Times

Exposure Set Band 1 Band 2 Band 1
5 Nsat Y Ngar Y Nsat
(ms)  (mw/em?r) ms)  (mw/cm?sr) (ms}  (mwiemesr)
1 16 061 16 83 16 102
2 12 . 0.85 12 85 12 136
3 8 127 88 1.16 8.8 1.85
: 4 56 182 6.4 154 1.2 2.26
L § 4 2.54 48 212 6.4 255




Table A.1-5 shows calculater! values of scene
radiance at sensor input .or various solar
<enith angles and typical ERTS scenery.
These values were calculated with a solar
constant of 0.1322 W/cm2, two atmosphere
traverse and an. atmospheri. transmission of
0.8. These data are shown only as representa-
tive examples and should not be interpreted
as precision values.

A.2 MULTISPECTRAL SCANNER
SUBSYSTEM

The Multispectral Scanner (MSS) subsystem
gathers data by imaging the surface of the
earth in several spectral bands simultaneously
through the same optical system. The MSS for
ERTS A is a 4-band scanner operating in the
solar-reflected spectral band region from 0.5
to 1.1 micrometer wave length. It scans
cross-track swaths of 185 kilometers (100
nm) width, imaging six scan lines across in
each of the four spectral bands simuitaneous-
ly. The object plane is scanned by means of
an osciltating flat mirror between the scene
and the double-reflector, telescope type of
optical chain. The 11.56 degree cross-track
field of view is scanned as the mirror osciliates

L B P

approximately +2.89 degrees about its nomi-
nal position as shown in Figure A.2-1.

MSS S‘nmcs

HLAN Mt
s aies
NORINAN LY
28

_ BDITECTORE
PLH BAND
(74 TQTAL)

KOTE: ACTIVE SCANIS
WEST TO EAST

185 km
{100 nm)

WEST
PATH OF
SPACECRAFT

/ TRAVEL

SOUTH

Figure A.2-1. MSS Scanning Arrangement

The instantaneous field of view of each
detector subtends an earth-area square of 79
meters on a side form the nominal orbital
altitude. Field stops are formed for each line
imaged during a scan, and for each spectral
band, by the square input end of an optical

Table A.1-5. Total Scene Radiance (N} mW/cm2—sr

Ah-Band 1 Band 2 Band 3
Typical Scene | . (Einith Angle) (Zenith Angle) (Zenith Angle)

0 30 45 60 0 30 45 60 0 30 45 60
Specular 421 | 3.83 3.ﬂ1 221 (339 (338 |279 |202 304 (263 |216 |1.54
Fresh Snow 291 232 |1.61 256 |212 | 154 185 | 152 |[1.09
ley Snow 282 1243 |1.78 269 }222 |1.62 207 1170 | 122
Clay 223 ;216 | 1.67 237 1197 (144 181 | 158 {113
Sand 102 (088 |1.08 1.07 {090 |0.68 116 | 0.96 | 0.69
+{o Plants 070 | 0562 |0.99 053 }046 |0.37 1.04 | 0.86 0.62
-10 Plants 647 (043 |0.64 631 |028 |0.25 057 {048 |0.29
H,0 060 (054 046 033 {03 0.26 025 (022 |0.17
Overcast 237 | 281 235 |174 342 294 |243 (176 |276 |238 |196 | 140

NOTE: Ty-pical 'values, not to be taken as absolute.
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MSS SCAN PATTERN
MSS OPERATION

fiber. Six of these fibers in each of four bands
are arranged in a 4 by 6 matrix in the focused
area of the telescope. :

Light impinging on each glass fiber .is con-
ducted to an individual detector through an

optical filter, unique to the spectral band -

served. An image of a line across the swath is
-swept across the fiber each time the mirror
scans, causing a video signal to be produced at
the scanner electronics output for each of 24
channels. These signals are then sampled,
digitized and formatted into a serial digital
data stream by a multiplexer.

The along-track scan is produced by the
orbital motion of the spacecraft. The nominal
orbitai velocity causes an along-track motion
of the subsatellite point of 6.47 km/sec
neglecting spacecraft perturbation and earth
rotation effects. By oscillating the mirror at a
rate of 13.62 Hz, the subsatellite point will
have moved 474 meters along track during the
73.42 millisecond active scan and retrace
cycle. The width of the along track field-of-
view of six detectors is also 474 meters. Thus,
complete coverage of the total 185 kilometer
wide swath is obtained. The line scanned by
the first detector in one cycle of the active
mirror scan lies adjacent to the iine scanned
by the sixth detector of the previous mirror
scan. Figure A.2-2 shows this composite scan
pattern.
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- Single MSS Detector

TRINAY

The MSS subsystem is used on two missions;.
for the first missicn (ERTS A), the four
selected spectral bands are:

Band 1 0.5 to 0.6 micrometers
Band 2¢ 0.6 to 0.7 micrometers
~‘Band 3 0.7 to 0.8 micrometers
.Band 4. 0.8 to 1.1 micrometers

Bands 1 through 3 use photomultiplier tubes
as detectors; Band 4 uses silicon photodiodes.

For the ERTS B mission, a fifth band is added
that operates in the thermal (emissive) spec-
tral region from 10.4 to 12.6 micrometers.
This band uses mercury-cadmium-telluride,
long wave IR detectors that are cooled to
approximately 100°K by a passive radiation
cooler. Resolutic., dimensions are three times
greater than for Bands 1 through 4. Energy is
accepted through a slit near the fiber matrix
and conducted by relay optics onto the
detectors which form the field stops. The
5-band MSS has 26 video channels.

A.2.1 Operation and Calibration

A2.1.1 Operation

The analog video'outputs of each detector are

sampled by the multiplexer during the active
portion of the west-to-east sweep of the
mirror. Since the sampling rate is constant
(derived from an internal clock) and the
mirror motion is not exactly constant, a
variable number of samples per scan line
results. This is accommodated by using mirror
scan position monitors which detect the
angular positions of the mirror corresponding
to the edges of the 185-kilometer swath.
Sampling of the detectors is initiated at the
mirror position corresponding to the west-
ward edge of the swath. Sampling is pre-
empted by an end-of-line code as the mirror
reaches the position corresponding to the
eastward edge of the swath. By this method
the scan line may be corrected by NDPF
processing to exactly 185 kilometers in
length.



A.2.1.2 Calibration

During the retrace interval, when the scan
mirror makes the transit from east to west, a
shutter wheel closes off the ontical fiber view
to the earth and a light so -ce is projected
onto the fibers through a variable neutral
density fifter on the shutter wheel. This
process introduces a calibration wedge into
the video data stream of Bands 1 through 4
during this retrace interval. The nominal
characteristics of the calibration or gray
wedge are as shown in Figure A.2-3.

4—4‘—— 1.63 MSEC

RISE
TIME

0.2 MS \

1% POINT

|-—~ 7.35 MSEC
F__ 102 MSEC —a)

1000 WORDS  —»]

——

Figure A.2-3. Nominal Calibration Wedge Outpit

Knowledge of the lamp spectrum makes it
possible to obtain a check of the relative
radiometric levels and also to equalize gain
changes which may have occurred in the six
lines for one spectral band. Experience has
shown that the eye discerns very slight varia-
tions among adjacent lines. Corrections will
be performed in the NDPF processing equip-
ment to equalize these levels so that striping
will be avoided.

The shutter is actually designed to rotate once
for every two scans so that the calibration
signals are available during alternate retrace
intervals. Band 5 is calibrated at the two ends
of the sensitivity scale by means of absorbing
(btack body) and reflecting (sensor self tem-
perature) targets located on the shutter wheel.

Once in each orbit, shortly after spac‘ecraft
sunrise, a small four-faceted mirror, located
below the scan mirror, deflects a sample of
sun light through a neutral density filter and

on to the scan mirror. The level of the data
output during this time provides an absolute
calibration point by which the calibration
lamps may be checked.

The video outputs from each detector in the
scanner are sampled and commutated once in
9.96 microseconds and multiplexed into a
pulse amplitide modulated (PAM) stream. The
commutated samples of video then can be
transmitted directly to the analog-to-digital
(A/D) converter for encoding, or bands 1

- through 3 can be directed to a logarithmic

signal compression amplifier and, then, to the
encoder. This selection is made by ground
command. The signal compression mode is
normally used since the photomuitiplier de-
tectors have a better signal-to-noise perform-
ance. By compressing the high light levels and
expanding the lowe: light levels, the quantiza-
tion noise more nearly matches the detector
noise. Noise for the channels of Band 4 is
established by the equivalent load resistor
noise and is best matched by the linear
quantization. Thus, no signal compression is
performed on Band 4. A high gain mode is
also selectable by ground command. In this
mode a gain of three is applied to Bands 1 and
2 prior to A/D conversion, and aliows use of
the large dynamic range of the detectors for
scene/illumination conditions producing low
irradiance into the sensor. Annotation on
each image will indicate the setting of com-
pression and gain.

A.2.2 Performance

The characteristics by which the quality of
the Multispectral Scanner are measured in-
clude:

1. Amplitude resolution which s
determined by signal-to-noise (SNR)
ratio

2. Spatial resolution which is nominally
defined by a modulation transfer
function (MTF) analysis

3. Band-to-band registration
4. Geomeiric fidelity

Relative radiometric accuracy

ORIGINAL
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SIGNAL-TO-NOISE RATIO

PARAMETERS AFFECTING SNR

The amplitude resolution and MTF are in-
herent characteristics of the sensor system
and cannot be improved by ground: process-

Table A.2-2. Scanner Sepsitivity

Spectral Bands (ERTS A}

TRIGINAL

ing. The last three characteristics are repre- 1 2 3 ]
sentative of properties which are amenable to - -
ground processing correction if errors are Vettage SNR for bright scone | 80 22 |4 89
systematic or slowly time varient. These five Ragianca at scapnae 248 2.00 176 460
characteristics are treated in: Paragraphs, (103 vt e st
A.2.2.1 through A.2.2.5. Voltsge SNR fordimscens | 25 20 12 89
' R‘a:_;hnu at s'ménsr 5 % 046
A.22.1 Signal-to-Noise Ratio (SNR) (10 watts e ster-l) 028 028" | 018 )
ERTSB
p t hi ] {Bend 5)
ar er :
ame € s which enter into thé voltage SNR Naise equivalent incremontal 1,080 nominal
calculations at the scanner output are tabu- temporature (NE AT)
lated in Table A.2-1. Estimates of SNR Scone tomperaturo (9K) 300
performance for two-scene conditions are
shown in Table A.2-2.
Table A.2-1. MSS Parameters Affecting Signal-To-Noise Ratio
r— = - - -
Parameier {Units) Band Mominal
Instantaneous Field-of-View (mr) 14 0.086
5 0.z68
Mean photocathode sensitivity over spectrs! band 9 ma watt-1) 1 Aas
2 50
3 120
PMT sensitivity enhancement factar 1-3 2.40
Electrical Bandwidth (kHz) 14 42.3
5 1441
Optical efficiency, including obscuration 14 0.26
5 0.34
Electron multiplier noise factor 13 1.40
Preamplifier noise factor 4 135
5 1.30
Noise equivalent power (1 014 watts Hz%) 4 11.0
Noise equivalent power (10710 watts Hz" 5 10
Radiance into sensor to pmtiuce full scale sutput (milliwatis cm?2 ster") 1 248
2 2.00
3 1.76
3 4.60
Spatial frequency response (MTF for sine wave) 15 1
Entrance aperture (cm) " 1h 2282
Ratio of filter effective noise bandwidth to information bandwidth 15 1.05
f Number [ 2
Black body radiance changer per unit temperature change {10 watts cm'z "i("l stnr'1 um") 5 0.131




The minimum system voltace SNR output, in
both the compression anc linear modes of
operation, versus input radiance Ievels are
shown in Flgure A.24. :

récy.with which points can be sampled o
registered from one spectral band to another.

" The single_optics nature of the scanner makes
- excellent registration possible and the primary
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A.2.2.2 Modulation Transfer Function (MTF)}

The modulation transfer function for the MSS
is shown in Figure A.2-5 along with the
components which are the principal contri-
butors to the total MTF. Not included are
MTF's for the ground processing equipfnent
and target contrast modulation at the MSS
image plane.

A.2.2.3 Band-To-Band Registration

The utility of the scanner for signature
analysis is largely dependent upon the accu-

1

A-11

source of error lies in the accuracy with which
the optica! fibers can be aligned and the
variation in scan rate across the swath. Effects
of these tolerances of the optical fibers are

_ hsted in Table A.2-3.

Table A.2-3. Systematic Registration Errors Among
Spectral Bands Due to Fiber Pattern

Direction Magnitude

"Across Track +10 meters

Along Track 420 meters
ORIGINAL.
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DETECTOR LAYOUT/SAMPLING
REGISTRATION DELAYS
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Figure A. 2-5 Madqlat/on Transfe} Funq tlon

Due to the fiber optics physical separatlon'
and the detector time sampling, the spacing.
between fibers is set for different spectral
bands to permit the radiometric levels.fo be
compared without interpolating data. For a

given selected spacing, thIS time lnterval be-‘.,_.. ‘
tween commutator samples in adjacent bands

is “ideally'” (under the assumption of a
constant velocity during active scan) made to .

coincide with the time interval between in- ,

stantaneous fields of view. The commutator :
will then sample exactly the same point on

the ground in each band a known number of *‘

samples apart (known time interval). -

L]
MAGE MOTION WAGE MOTION N
QUE TO SABITAL W ———o=f  DUETOMIRROA i
woTioN SCAN . -
: 1
P A
1 H ) ) '-__—__g__—_ﬂ
LINE:—{ a1 ar2 n "
aen
vl —d L3 ot asls nelg EVEAY THIRD
7 e oo [ ] ” "
L B ] ”" »
w3
1~ ey (X3 ] w2t n EVERY ALTERNETE

THIAD SAMPLING

Figure A.2-6. -Detector Spatial Layout
and Sampling Sequence

Flgyre A2-6 shows the detector layout and

AELATIE
msmnn OF (MAGE LAPRE
SELEMENT AELATIVE RELATIVE DELAY IN
70 DETECTOR . (Y:retn SAMPLING SEQUENCE
. -
§  COMPLETE SCAN SEQUENCE
. PLUS
’ 8 SEQUENTIAL SAMPLE
1  COMPLETE SCAN SEQUENCES
nan rLUS
1 SEDUENTIAL SANPLE
4 COMPLETE SCAN SEQUENCES
Py U
.- 12 BEQUENTIAL SAMPLES
"
. . COMPLETE SCAN SEQUENCES
WNT4 1. 93 SEQUENTIAL SAMPLES
COMPLETE SCAM SEQUENCES
L

PLU!
SEQUENTIAL SAMPLES

nm 8.393 1 SEC PER SEQUENTIAL SAMPLE
©+ BSE uSEC PER COMPLETE SAMPLING SEQUENCE (20 SAMPLES)

Flgure A’ 2 7. Band-to- Band Reglstrat/on Delay
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For a nonlinear mirror swe .p rate there will
be misregistration at the en s of the scan. The
expected srror is small as shown below:

Band Niisregistration lt

(Band 1 is Reference) Scan Extumo
2 5 meters

3 10 fheters _
"4 15 i_ileters'

Unp'rocessed errors due to the inaccuracies in -

the fiber matrix and variations in scan rate for
the MSS prototype model are give_n below

Errors:.

® Horizontal Registration
worst case: :
Between —m Bands ‘
v | 2 3
Meters on Ground  °
4 15.25 792 183
3 1.92 3.35 -
2 71.32 - -

® Vertical Registration Errors: worst
case 2.74 meters

This type of tabulation, with a microscope
photograph of the fiber matrix, will be
supplied with each flight subsystem.

A.2.2.4 Geometric Fidelity

A tabular summary of scanner errors \A’ﬁhich
introduce positional errors in the lmagery is
shown in Table A.2-4.

The scan nonlinearity arises from the non-
linear torque due to the mirror support
pivots. B

Cross scan jitter is defined in term’S of -
deviations from a straight line active sweep It

can be considered as being made up of
systematic and random components. For a
systematic cross-axis input from scan to scan,
the consecutive scans would be distorted but

A-13

ON~BUARUY CALIBRAT DN

Table A 2-4 MSS Geometric Errors

N Detel:tor Allgnment

| 'Saupp]e Time -

Scm,l.inannty +14 to -3.9% (10)

within a band

{ 'B_lnﬂjnm C'rns_s'zScln Jitter | 9 urad rms
e o 17 prad peak
S‘din?'t'n-Scan B:i!paat_abilit'y 4 prad rens

: ‘ . 8 urad ppak
_ Sca "f_'Stnrt Vanatmn B Tusec

% raolufion element
120 ns sample and hold

(Data will be supplied
‘ ) _ in a later supplement)
Samﬁllng Unc&ﬁainty 104 crystal error

not blurred as the full area would be covered.
The random or scan to scan variation results
in a'blurring. effect which can be described by
an equivalent MTF (measurements indicate a
0.99:MTF).

Scan to scan repeatability errors of the mirror
contrlbute to the amount by which one set of
Six. Iines is misaligned along the scan direction
with' respect to the adjacent six lines after the
line lengths have been normalized. These
errors are dependent on mirror repeatability,
line length adjustment electronics, and the
setting of the time delay before data sampling
begins.

The other characteristics noted in Table A.2-4
include: scan start variation, detector or fiber
optics alignment, sample time, scan end varia-
tions, and sampling uncertainties.

A225 On-Board Calibration

' During the retrace interval, when the scan

mirror makes the transit from east to west, a
shutter wheel closes off the optical fiber view
to the earth’and an incandescent light source
is projected on the fibers by way of a prism.
A 'continuously variable neutral density filter

-is swept across the light path so that each

video channel carries a triangular pulse of
about 10 milliseconds duration, which begins
with an abrupt transistion from black to

ORIGINAL
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QN-BOARD CALIBRATION
DATA COLLECTION SYSTEM

white and descends monotonically back to
black where the intensity ratio from begm-

ning to end is about 100 to 1. Knowledge of
the lamp spectrum makes it possible to obtain -+

a check of the relative radiometric levels: -and

also to equalize gain changes which may have

occurred in the six lines for one spectral band.

Experience has shown that the eye discerns .

very slight variations among adjacent lines.

Corrections will be performed in the NDPF
processing equipment to equalize these levels

to within two percent so that striping will be
avoided.

Ilumination is provided by a tungsten famp i

operated at a derated temperature of 1900°K.
The illuminated surface of a lens is imaged
near the lamp in order to optimize:: the

uniformity over the 0.015 by 0.015 inch fiber

array. The 0.040-inch diameter beam _ilﬁ;lmi_-
nates the fibers with a variation less tha® +5
percent and with sufficient energy to simulate

a bright scene in Band 1 (0.5 to 0.6 mlcro-

meter).

To achieve a relative spectral distribt}tion
similar to that of the sun, a combination.of 1
mm Schott BG-14 and 2 mm Schott KG-1

color glass filters are used in the source

assembly.

The shu tter rotates once for every two scans

"50""t‘hat the calibration signals are available
e 'n.g alternate retrace inhtervals. Once in
“eacl orblt a small four-faceted -mirror located

"cha scan mirror, deflects a sample of
- sun Jight across the optical fibers. The

;output appears as a‘one to two millisecond

Ise ‘in- the »data and ‘may be regarded as the
prmiary callbratlon source by which the

© spectral ‘output. of the calibration lamps may

be mom‘cored

For the ERTS B missicn, a black body
refefence patch is moun.ed on the same
shutter wheel so that IR calibration signals for
Band 5 are’ also availahle durmg the scan
mmror retrace time. =

A.:é‘_fj‘ DAT)A!COLLE-CTION SYSTEM

The: Data Collection System (DCS) provides
the tapablhty to collect, transmit, and dissem-
mate data from remotely 'ocated earth-based
sensors. As. shown in Figure A.3-1, the system
mvclves remote Data Collection Platforms
(DCP) sateiilte relay equipment, ground re-
cewing site! equipment, and a ground data

: handimg system

OBSERVATORY
DCS EQUIPMENT

% uRInuE u.cs EQUIPMENT

- |

% |
,As:eza.,, A
f

i
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Figure A.3-1. Data Callectlon System B[ock Dlagram
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The DCP is connected to .ndwidual analog
sensors which are selectec ind prowded by

the investigator or user agency to satisfy his

own particular needs. Up i eight individual

analog sensors may be connected to a'single -
DCP. The DCP transmits the sensor‘ data ;.-
which is relayed to the ground recewmg site’

through an on-board recelver/transmntter The

ground receiving site equipment accepts the
data and decodes and formats it for transmis-

sion to the Ground Data Handlmg System'

(GOHS) at Greenbelt, Maryland. The cfata is

received in the Operatlons Control Center :
(OCC) where it is reformatted and wrltten on
magnetic tape and passed to the: NASA Data
Processing Facility (NDPF) for further proces-

sing required for dissemination to the user

agencies.

The geometry involved in refaying DCS data is
shown in Figure A.3-2. The satellite is‘at an
altitude of approximately 492 nautical mlles
The transmitting antenna of the DCP sub-
tends an angle of +70 degrees from the: verti-
cal and the ground receiving site wsnbd’lty is
nominally =85 degrees from the ve?tlcal
When the satellite is in mutual view of ax&rans-

mitting DCP and one or more of the. ground
receiving sites, the message from: the E)CP is
relayed to the receiving site and transmltted
over land lines to the OCC. The DCP’s oplerate
continuously, sampling the sensors pefi'iodi—
cally and transmitting a 38-m|lhsecond,¥burst
of data containing all sensor channels at! 4nter-
vals of about every three minutes, Note that
the satellite acts as a simple real time’ ‘relay
with no on-board data storage. The :DCP
transmissions are received at the groun'Ed re-
ceiving site immediately except for prq‘paga-
tion and flxed system time delays. .

FDR'I’ION OF ORBIT WHERE
DLP -SATELLITE - GROUND STATION
RELAY S POSSIBLE

GROUND n:cnvi'k'&% '

RV O

) 'The orblt paramete“s of 492 nautical mile alti-

- and’ he recetvmg snte locatlons cause the
?;spac raft to"be in mutual view of a platform
".Ioca, d - almost ‘anywhere in North America
“and” a ground recelvmg site during at least two
- orbits per day—ocne about 9:30 in the morn-
vt ing and the other about 9:30 in the evening.
AL Ieast one message is relayed from each
-plafgform every 12 hours.

‘The'Data Coilection System is designed to as-
}surq that the probability of receiving at least
f?oné“‘\«ahd message from any DCP every 12
o 'hounﬁ is at:jeast 0.95 for as many as 1000
A DCP’S Iocated throughout the United States.

lntenference of signals from two or maore
i DCP's transmitting simultaneously may cause
i incorrect or partial messages to be received.
To minimize this nossibility, the system uses
error. coding and other schemes to correct or

'-14"1

23 ¢z
FARBANKS

NTTF
GOLDSTONE

723 SACICRAFT—GRO'NG [
STATION VISiE.LITY / /

nmhm. ANES OF MOTUAL
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. Figure A.3-3, Mutual DCP-Receiving Site Visibility
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MESSAGE BURSTS
DATA COLLECTION PLATFORM

_identify messages containing errors and to

identify incomplete messages. The probab:hty

of erroneously indicating that a given message,_

is valid (i.e., stating that a message which con-_'f'- .

tains an error does not) is less than 0.01.

In order to improv_e performance for Ioca't'"i'or_"s’sv ¥
‘where there is a relatively ‘short period of = |

mtitual DCP~—ground station visibility from

the Observatory, the average rate of DCP mes-

sage bursts can be switched to a more rapid
rate: One- message burst each 90 seconds.
Using this feature, DCP’s may be located:any-

where in Continental U.S. or Alaska :and’

achieve this performance. DCP’s may be de- -

ployed beyond these bounds, however, yvith
degraded performance in terms of probal:");jli\ty
of receiving a valid message each 12 hours,

\

As shown in Figure A.3-1, operation of the "

Data Collection System requires three hard-
ware subsystems—the Data Collection Plat-

forms, the receiving and transmitting equip-. .

ment in the satellite, and special recewmg
equipment located at each of three ground
receiving sites. In addition, the system ses
existing ground communication facilities and
the hardware/software capabilities of the OCC
and NDPF at Goddard. These facilities are de-
scribed in the following sections.

A.3,1 Data Collection Platform

The Data Collection Platform {(DCP) collects,
encodes, and transmits ground sensor data to
the ERTS Observatory. A block diagram is
shown in Figure A.3-4 and a sketch in Flgure

ANTENNA
1.5 08 GAIN
" TRANSMITTER |-
TAEN 401.55 MHz
DIGITAL ANALOG
MULTIPLEXER MULTIPLEXER
SENSOR SERSOR
INruTS TS

Figure A.3-4. Data Collection Platform Block Diagram
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o e i dEa
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' pléofarads ‘¢apacitive.

Figire'4.3-5, Data Collection Platform

Thé‘“DCP 'wﬁl accept analog, serial-digital, or

- paraflel-digital input data a; well as combina-

tlaris' of those Eight analog inputs or 64 bits
of dngltal mput can be accepted. Combined
mputs are selected by individual analog inputs
and groups of 8 bits of digital input up to a
tota1 equlvalent to 64 bits.

Selection of the type of input is made by the
switch positions on the front panel of the
platform For all types of inputs the nominal

'sagnal amphtude range is from.0 to +5 Vdc

10 G‘OO ohms resistive and less than 1000
‘nput impedance is
gre;gi;gr than_:_'l megohm.

For-analog ’mputs, the analog-to-digital con-

.verter conve[ts the normal signal range of 0 to

+5 Vdc into ‘eight bits of binary with a resolu-
tion ‘of 19.53 millivolts per bit; conversion

-‘error is less than one percent of full scale,
. mch,'dmg quantization.

Serlai digital data (of up to 64 bits) is ac-

- cepted as a single input. An enable command

and/a 2.5 kHz clock is supplied to enable the
trarister of the serial digital data.




Up to 64 parallel digital bits can be accepted
by the DCP. These parallel I-its are sampled in

sequence during a 68-millise-ond per_iod cor-
ttme__ :
(warm-up -and message tranrmlssmn) A data'.

responding to the entire platform "o
gate is prov:ded during this period.

Format of a DCP message prior to encodmg
consists of 95 bits in the format of ‘Table
A.3-1. .

Table A.3-1. DCP Message Format

Bits

1-16 Preamble .
16-17 Synchronization ki
18-27 Platform D
28-35 Data Word Number 1
3643 Data Word Number 2
44-51 Data Word Number 3 Sensnr
52-59 Data Word Number 4 ,‘ 1 through 8
60-67 Data Word Number 5 . oceupy
68-75 Data Word Number 6 64 bm
76-83 Data Word Number 7
84-91 Data Word Number 8
9295 Encoder run-out bits o

Before transmission, each DCP méssage is en-

coded using a rate 1/2 constraint length five
convolutional code, to produce a 190-bit mes-
sage output. A message is sent every QO\or
180 seconds, depending on the setting of the
time selection switch on the front panel of
the equipment.

A.3.2 DCS Spacecraft Equipment
The spacecraft acts .as a simple relay: re-

ceiving, frequency translating and retransmit-
ting the burst messages from the DCP's. No

on-board recording, processing or'decoding of

the data is performed. A DCS unique: UHF
antenna and receiver is provided. Unified
S-Band (USB) equipment, used for narrow
band telemetry, is used to retransmit the-DCP
messages to the three primary receiving 55ites.

A.3.3 Treatment of Data at the Recelvmg
Site .

At the receiving site, the composite S?_Band
signal is received, the DCS data e:gtracted and
inputted to special DCS Receiving Site Equip-

A7

ment (DCS/RSE). The DCS/RSE performs a
matiched filtér operation on each encoded bit
recéived, and quantitizes the output of that
operation {o:three bits. Each bit representa-
tion. recovered from the DCP transmission is

= in: the form.of a four bit byte; one bit, indi-
- catmg the presence or lack of signal, and the
' -threel-blt quantlzation of the matched filter.

When' no signal is present, the output byte is

: . set ‘to all zeé1os. The quantized bits are de-

coded, and quality bits are assigned to each
decoded bit and the overall message to mdu-

- 'cate the decoding confidence level.

| The DCS/RSE formats the decoded data with

the quality indicators and a 30-bit site time
code, which was converted from the NASA
36-bit time code. This data is outputted to a
site modem in real time as messages are re-
ceived. The data is buffered and formatted
into*a 1200-bit NASCOM block and trans-
mltted to the OCC by hardline. The DCS/RSE
adds the NASCOM header and the fitler and
checl:t bits, along with buffering the data and
snte-ltvme information. In the event of equip-

: ment_ ‘problems, the data is also recorded for

post-pass playback.

A.3.4 Treatment of Data at the GDHS

The NASCOM data blocks are received at the
OCC where the NASCOM header is stripped
and DCS data messages are written, in the
order received, on a magnetic tape. One mag-
netic tape may contain messages from one or
more receiving sites. At the conclusion of one
or more station passes, this tape is transferred
to the NDPF. The usual mode of operation
involves the transfer of data to the NDPF at

.. the conclusion of each pass.

When the DCS tapes arrive at the NDPF from
the OCC, they are read, edited, and the data is
sorted according to platform identification
and the time the data was received. Redun-
dant data resulting from overlapping station
coverage is removed. The criteria for deter-
mining redundant: data is an exact match be-
tween messages except for receiving site (sta-
tion ID). An active data file is generated
which maintains a record of the most recent
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ACTIVE DATA FILE
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DCS REQUESTS

24 hours of DCS'messages. This resides in
random-access storage in the NDPF computer,

The active data file contains the platform.
message data in addition to the results of the

editing checks and certain identifying infor-

mation. Four editing checks are : per-
formed: the station code is checked to assure
that it is one of the three valid codes for
Goldstone, Alaska, or NTTF; the platform 1D
is checked to assure that it matches a valid ID
maintained in a platform ID file; a flag is set if
any one of the quality bits associated with the
platform ID is zero; a fourth check is made on
the time of reception. If any part of the fime
code exceeds possible values for day, hour,
minute, or seconds, a flag is set in the active
data file. These checks and flags do not cause
any messages to be rejected.

An active data file entry is made for each plat-
form message and consists of eight words as
shown in Table A.3-2. The platform ID is a
binary coded decimal from 1 to 1000. Each
platform has a unique designator. The plat-
form ID quality bits are those that were as-
sociated with the platform ID during trans-
mission. Words 5 and 6 contain the actual
data bits in the order in which they were re-
ceived. For convenience, the associated qual-
ity bits have been separated and put in words
7 and 8.

Table A.3-2. DCS Active Data File Entry

WORD BITS ITEM MOBE FORMAT
1 056 Platform ID Binary XXXX
16-23 Satellite 1D EBCDIC 1/2
24-31 Station 1D EBCDIC AG/N .
2 05 Days (GMT) Binary 1-368 H
18- Days Since Launch Binary 1N .
3 07 Hours (GMT) Binary 0-23
8-5 Minutes (GMT) Bmlry 059
1623 Seconds (GMT) 059
2N Year (GMT) E!EDIC 09 -
4 ] Not Used Binary 0
85 Platform 10 Quality Binary ‘IFF
1617 Not Used Binmy 0
%23 Ervor Flags:
Invalid Station Code Bit 18 (1 =sat)
Inwelid Platform 1D Bit 19 {1 =311
Poor Platfarm 1D Quality | Bit20 {1 =301}
Invalid Time Code | gt {1 =xet)
Duplicate Message Bit 22 (1 =set}
Redundant Message Bit23 (1 = sut)
-8 Not Used .
22-31 Message Quality Binary a7
B [} Data Bits Binary
[} [ 2] Deta Bits Binary
7 g-31 Quality Bits Binary
8 031 Quality Bits Binsry
ARIGINAL

Available products consist of magnetic tapes,
puncl'-ed cards, of computer listings. Al
products arg iimited to uncalibrated data; that
is, data bits’ are disseminatad to the user with-
out conversion to englneer!ng units. Magnetic
tapes contaln message data records ordered
accordmg to platform ID and time with ID,
and- in the same B-yvord format as the active
data file eni:ry The entries are blocked 60 to
a tape record. A tape header is included for
ldenuflcatlon The details of this tape format
areﬁcontamed in Flgure 2-22 of Section 3.

The data card forrnat for DCS products is
shown in Figure 3-20. Entries for these cards
are also given in Table A.3-3. The listing for-
mat is given in Figure 3-21.

Table A.3-3. DCS Data Card Entries

COLUMN ITEM FORMAT
B ] Cord 10 for Standing Requests s¢
for Varistie Requests ve
.38 Usar 1D AAAA
710 "Patform 1D 11080
11| Satsliite 1D [
12 Year of Reception 19
1321 |- Time Code (GMT) DODHHMMSS
22 Station 1D A/GIN
228 Encoded Error Frag: 083

32 = {ovalid Station 1D

6 = Invalid Platform 10
8 = Poor Platform D Quatity
4 = Invalid Time Code

2 =Duplicate Mestage
1 = Redundant Message

{Or any combination of the ebave; e.q.: )

63 = Afl Conditions Exist

- Message Quality Level o7
28 Data Format Indicator oM

0 = Dsta in octal digits (22 columns)

H = Dota in hexadecimel digits

) (18 columns)

/3449 | Datain Octel o7 Hexadscimal Digits

. 51/67-72 | Data Quality in Gctal or Hexadecimst
.. Digin

NOTE: it qunhty bits e mcladd thay will be in the A fnrmal
a3 tha data bits. Col 61/57-72 ave opti
-, on tha use of dats quality bits.

DCS data products may be requested in two
ways. A standing order may be permanently
established with the NDPF to require that all
data from a set of platforms be sent to the
user agency. The capability is provided in a
standing request either to keep or eliminate
the quality bits for card or listing outputs. |t
is also possible for the investigator to desig-



nate the level of message quz ity .w'hich is ac~
ceptable to him,

A variable request allows the investigator to
do retrospective searches. The capability is
provided to search the archivus based on user
ID (all platforms listed for this user are re-

[ P O R

| .. trieved), or iridividual ‘platform ID. It is possi-

ble.to qualify the search based on a given time

“périod or geographical area. All three product

media: are available and data can be qualified
as to message quality. A DCS catalog is availa-

- ble to users and is explained in Section 4.2.3.

A-19/20
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APPENDIX F
- OBSERVATO iy

The ERTS observatory (Figure B-1) i$ an
earth-pointing stabilized spa'ecra_ft consisting
of integrated subsystems that provide the
power, control, environment, orbit mainte-
nance, attitude control,and information flow
required to support the payloads for a period
of one year in orbit. It weighs 1,800 pounds
(818 kg) and has an approximate overall
height of 10 feet (3.04 m) and a diameter of 5
feet (1.52 m), with solar paddies extending
out to a totdl of 13 feet (3.96 m).

SOLAR PADDLE
ASSEMELY

COMMAND
ANTENNA

ATTITUDE CONTRDL
STEM

WIDEBAND VIDED |
TAPE RECORDER
ELECTRONICS

HORIZON SCANNER

ORMT ADJUST
TANK

+ Y AXIS (MITCH) I!.“’;-“ o
i iy
SENSORY L |1 1T
ME WIDEBAND ANTENNA 2

WIDEBAND

ANTENNA 1 ‘UNIFIED $-BAND

ANTENNA

MULTISPECTRAL
SCANNER

DATA COLLECTION
SYSTEM ANTENNA

ATTITUDE
MEASUREMENT SENSOR

RETURN BEAM
ViDICON
CAMERAS

+Z AXIS (YAW)

Figure B-1. ERTS Observatory

B.1 ATTITUDE CONTROL SUBSYSTEM

.The Attitude Control Subsystem (ACS) pro-
vides spacecraft alignment with both Jiocal
earth-vertical and orbit velocity vectors, and
provides rate control about the pitch, roll and
yaw axes. The ACS achieves pointing accura-
cies of the spacecraft axes within 0.4 degrees
of the local vertical (about the pitch and roll
axes) and within 0.6 degrees of the velocity
vector (about the yaw axis). The expected
rotation rates encountered during Muiti-
spectral Scanner (MSS) and Return _Beam
Vidicon (RBV) operations are less than 0.015
degrees per second about all axes. These :rates'

produce image motions which are negligiblc
during the short exposure of the RBV cam-

. eras, but cause a slight distortion in the MSS

images. Compensation for these distortions is

- provided during ground image processing in
- tha, NASA Data Processing Facility (NDPF)

by ‘applying. correction factors for the mea-
sured attitude rates. .

The 3-axis active ACS uses horizon scanners
for roll and pitch attitude error sensing. The
rate’ gyros sense - yaw rate and, in a gyro
compassing - mode,. ‘sense yaw . attitude. A
torq'_ui'ng' systein uses a combination of reac-

‘tion jets to- provide spacecraft momentum

control and large control torques when re-

_ quired; flywheels are utilized for fine control

and residual momentum storage.
B.2, ATTITUDE MEASUREMENT SENSOR

The Attitude Measurement Sensor (AMS) is
an independent component (not used for
attitude control purposes) that determines
precise spacecraft pitch and roll attitude. This
data is used for image location and correction
during ground processing. The AMS detects
the radiation level change in the 14 to 16
micron range between the earth's atmosphere
and the spatial background and establishes the
spacecraft pitch and roll axis positions relative
to the local vertical. After ground compensa-
tion of telemetry data for variations due to
seasonal radiance and other effects, the pitch
and roll attitude can be determined to within
about 0.07 degree.

B.3 WIDEBAND VIDEO TAPE
RECORDER SUBSYSTEM

Two Wideband Video Tape Recorders
(WBVTR) record, store, and reproduce the
data outputs from either the RBV or MSS
during remote sensing, operations. Each re-
corder can record 30 minutes of either
3.5-MHz video analog data from the RBV or
15-Mbps digital data from the MSS. Data are
recorded by four heads {(on one wheel)
rotating across the 2-inch wide tape. Record-
ing and playback are each at 12 inches per
second (30 cm/sec) and in the same direction.
Total usable tape length is 1,800 feet (548 m)
for each recorder.
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POWER SUBSYSTEM
COMMUNICATIONS AND DATA
HANDLING SUBSYSTEM

The RBV analog video sngnal is transformed ..

into the FM domain by video circuitry in the
WBVTR. The signal is received as a negative
analog signal, is dc level shifted, frequency
modulated, amplified and recorded. To insure

haead switching during the horizontal blanking .

interval of the video signal during playback,
the RBV signal is rephased to the WBVTR

headwheel at the beginning of each tiiplet :

exposure during recording. In playback, the
RBV signal is read out sequentially by the
same four rotating heads, with appropriate
switching, producing a continuous RBV signal
in the FM domain. The signal is then demodu-
lated on the ground, producing the orrgmal
analog video waveform.

The MSS digital video data is received as a
Non-Return to Zero Level (NRZ-L), 15-Mbps
data stream. In the WBVTR, the data stream
is re-clocked and then frequency modulates
an FM carrier. The resuiting frequency-shift
keyed (FSK) signal is recorded by four

rotating heads. The MSS data are recorded -

asynchronously; that is, the data stream and
rotating heads are not synchronized. In play-
back, the MSS signal is read out sequentially
by the same four rotating heads, with switch-

ing and demodulation producing a continuous

NRZ-L, 15 Mbps data stream.

Each WBVTR can record and playback either
RBV or MSS data at any given time. The
selection of RBV data or MSS data for each
WBVTR during record or playback, plus
appropriate tape motion to select the proper
tape location, is made by appropsiate ground
commands which can be stored by spacecraft
equipment for subsequent remote execution.

B.4 POWER SUBSYSTEM

The Power Subsystem supplies the electrical
power required to operate all spacecraft ser-
vice and payload subsystems. During sunlight

periods the subsystem delivers a maximum -

output of 980 watts of regulated -24 volits for
short periods. This power is derived from the
foad sharing of the 550-watt solar array panels
and the eight, 4.5-amp batteries. The ex-
pected power requirements during payload

operatlon is 480 watts for real-time operation
and 521. watts for ramote operation. Consid-
ering the. subsystem as an energy balanced
system, ’ it can suppori an average of 21
minutes of payload (both RBV and MSS)
“ON — time" per orbit initially and 13.5
mibutes after one yoar, The reduction in “ON
—time'is mamly due to efficiency loss of the
so’fér ar'ra'y : from small particle impact during
tha year injorbit. However the actual payload
“ON — tnme" is” llmn'ed by other system
constralnts (such as station pass time, record
capablllty, efc.) to an average of 12 minutes
per orbit.

Al. -power is provided from the batteries
during the launch phase and while the space-
craft is within the earth’s umbra. Energy from
the solar array not required for spacecraft
loads during the lighted periods is used to
re¢harge the batteries and any excess power is
dumped via auxiliary loads.

B.S5 COMMUNICATIONS AND DATA
* HANDLING SUBSYSTEM

The Communications and Data Handling Sub-
system (Figure B-2) provides for all spacecraft
information flow and is compdsed of the
Wideband Telemetry Subsystem and the nar-
rowband Telemetry, Tracking and Command
Subsystem.

r —
PAYLOAD S-BAND VHF
E_, N E ~N ~ ~N
=] L ER z E S
i 2% 2 § =
. 3 .
& S 8 8 &
- WIDEBAND NARROWBAND TELEMETRY,
TELEMETRY TRACKING AND COMMAND

Figure 8-2. ERTS Communication Links



B.5.1 WIDEBAND TELEMF.TRY
SUBSYSTEM

The Wideband Telemetry Subsystem accepts
and processes data from tho RBV, the MSS
both Wideband Video Tar- Recorders and
transmits it to the ground ieceiving sites.

The  subsystem consists of two, 20-watt
S-Band FM transmitters and associated filters,
antennas, and signa! conditioning equnpment
As shown in Figure B-3 the subsystem permits
transmission of any two data sources simul-
taneously, either real time or recorded, over
either of the two down links (one data source
each). Commandable power level travelmg
wave tube (TWT) amplifiers and shaped ‘beam
antennas provide maximum fidelity of the
sensor data at minimum power.
strapping and dual mode operation (two data
sources) with a single TWT amplifier is availa-
ble in the event of hardware malfunctions.

Cross-

A total of 912 telemetry points (576 analog;
16, 10-bit digital words; and 320, 1-bit binary
words) can be sampled at rates between.once
per;16 seconds to twice in one second. The
data is pulse code modulated (PCM) and can

_then be transmitted in real time either over

the VHF or Unified S-Band (USB) links at a

1. Kbps rate. Up to.210 minutes can be stored

of each of two narrowband tape recorders .
(NBTR) _ for subsequent playback at a
24-Kbps rate. Analog data has 8-bit accuracy

~of 1 part in 256 (i.e. 19.53 mv.)

The USB equipment has the capability to
transmlt on separate subcarriers real-time tele-
metry (768 KHz), playback data (597 KHz),
DCS data (1.024 MHz) and pseudo-random
ranging information simultaneously over the
same 2,287.5 MHz carrier. The playback data
can be derived from either of the NBTR's or
either of the auxiliary tracks of the WBVTR’s.

BBY INPUTS SIGNAL VIDEO OR VO “A” ] emcanmitn B H:ﬂ " v&u ouTeuT
22286 (Hx e ey FILTERS
REALTIME  ——|  CONDITIONER PCMSIGNAL _________] i v
wvih 1 )] . . '
WBVTR 2 ]
AUXVIDED — o
VIDEO M MMED
FILTERING l_'YHID DATA
1SS INPUTS AND . I §
SWITCHING T
REALTIME 1__ !
REALTIME 2 . - e
ViR 1 VIDEO OR veo o FM CARRIER e LN QUTPUT
wvih 2 ] PCM SIGNAL 22853 Mz HYBRID O ne FILTERS |
— "

Figure B8:3. Wideband Telemetry Subsystem
Functional Bldck Diagram

A

B.5.2 TELEMETRY, TRACKING AN[s
COMMAND SUBSYSTEMS ‘

The Telemetry, Tracking and Command Sub-
system collects and transmits sp'acecraft and
sensor housekeeping data to the ground sites,
provides tracking aias, receives’ commands
from either the Manned Space Flight Nei_;work
(MSFN) or Satellite Tracking and Data Acqui-.
sition Network (STADAN]), and imple}hents
those commands on board the spacecraft. ]
addition it provides the link for transmitting
the Data Collection System data.

Only real-time or playback data (from either

- of the NBTR’s) can be transmitted at one

tlme over the 137.86 MHz VHF equipment.
All: three of the ERTS receiving sites will
normally use the USB downlink.

Conﬁmandmg can be performed via either the
STADAN VHF link at 154.20 MHz or by the
MSFN USB link at 2,106.4 MHz into redun-
dant sets of receivers on the spacecraft. These
commands can be any of the 512 possible
comimands executable by the command/clock
or any of the 8§ commands recognizable by
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THERMAL. CCNTROL SUBSYSTEM
ORBIT ADJUST SUBSYSTEM
ELECTRICAL INTERFACE SUBSYSTEM

the Command Integrator Unit. A total of 30

command/clock commands can be ‘‘stored”

- for execution outside of the range of the

ground stations. All remote payload operat-

_ions are performed using stored commands.”

B.6 THERMAL CONTROL SUBSYSTEM

The Thermal Control Subsystem provides a

controlled environment of 20 + 10°C for .

spacecraft and sensor components. Thermal
control is accomplished by both semipassive
(shutters and heaters) and passive (radiators,
insulation, and coatings) elements. Shutters
are located on each of the peripheral compart-
ments on the sensory ring, and are actuated
by iwo-phase, fluid-filled bellows assemblies.

These assemblies are clamped tightly to heat
dissipating components and position the shut- -

ter plades to the proper heat-rejection level.

Heaters are bonded at various locations in the

sensory ring to prevent temperatures from

fatling below minimum levels during extended °
periods of low equipment-duty cycles. The ~
heaters are energized selectively by ground &

command when the temperature level at these

locations falls below a predetermined value.
The upper and lower surfaces of the sensory -
ring are insulated to prevent gain or loss of
heat through those areas. External structure *
and radiating surfaces are coated to provide :
the required values of emissivity and absorpti- ~

vity.

Passive radiators coated with a low-absorpti- "~
~ vity, high-emissivity finish are used to assist

the shutters in rejecting the heat from the
sensory ring. Radiators are provided for the :

RBV, the MSS, the Wideband Video Tape
Recorders, and the Narrowband Recorders.

B.7 ORBIT ADJUST SUBSYSTEM

The Orbit Adjust Subsystem (OAS) estab-

MGINAL

hshes the precise. ERTS orbital parameters
after orbrt ‘insertion and makes adjustments
throughout ‘the life of the mission to maintain
overlappmg coverage of- sensor imagery and
long-term repeatabnlnty

The OAS s a mbnorr'opellant hydrazine-
fueled prapuls:on system constructed as a
smgle mgdule consrstmg of three rocket en-
gines, a: propellant tank and feed system, a
support’ structure. and the necessary intercon-
nect plumbmg and’ electrical harnessing. The
OAS is- mounted to the spacecraft sensory
ring wrth a thruster located along each of the
(+) roll, (- ) roli, and ) pitch axes, such that
each" thrust vector passes approximately
through the spacecraft center of mass. With
these thrust vectors, the orbit adjust sub-
system t:an1 lmpartg mcremental velocities to
the .,pacecraft to: corrsct in-plane injection
errors mclmatlon mjecflon errors, and orbit

'perturbattcm due to atmospheric drag and

other errorisources over an orbital life of one
yedr.

B ELECTRICAL INTERFACE
" SUBSYSTEM.

The Electrical Interface Subsystem functions

include power switching, telemetry signal

generation, switching logic, power fusing, data
routing, time-code processing and automatic
“shut-off" of equipment. Time-code data are
received from the command/clock, assembled
into storage registers and relayed to the RBV
and MSS,- when requested. Fimers associated
WIth the. payloads, WBWVTR and S-Band Trans-

: _mltter are. provnded to automatically remove

power after 34 minutes of operation if the
normal turn-off does riot occur. Power switch-
ing (regulated and unregulated), transient load
circuitry, ‘and fusing are included in this
subsysterii for the RBV, MSS, WBVTR's and
the Orbit Adjust Subsystem. "



APPENDIX €
GROUND STATIOI {; AND
GROUND COMMUNICATIONS

C.1 GENERAL DESCRIPTIUN

Communications between the spacecraft and
the ground. are handled via ground stations

~ which are part of either NASA's Manned

L

Space Flight Network (MSFN) or Space

_Tracking and Data ' Acquisition Network

(STADAN). The NASA Communications

.. (NASCOM) System provides the necessary

communication of data between these ground
stations and the Ground Data Handling Sys-
tam. (GDHS) located at Goddard Space Flight

Center (Figure C-1). © .

GOLDSTUNE)

EARTH BASED
bCsS
SENSING
COMMANDS / PLATFORMS
TRACKING / RBV
Mss
IMAGES -
. NASA
DCS DATA, HOUSEKEEPING ERTS PROJFCT
TELEMETAY, TRACKING OFFICE FEEDBACK
DATA, PAYLDAD VILiED DATA
DATA REQUIRE-
ORSIT MENTS
- DETERM. GROUND DATA HANDLING SYSTEM
REMOTE GROUND RECEIVING SITE - .

_ CEIVING SITES Nasow |GOMMANDS|  OPERATIONS™|  NASA DATA USER
GOLDSTONE (MSFN) C AND ONTROL PROCESSING EVALUATION
NTTF (MSFN) OMMANDS oy [panm CENTER FACILITY
ALASKA (STADAN) ggi,gm, ,

BACKUP STADAN (EXCEPT DCS ANL VIDEQ) FROM ALASKA AND ’
BACKUP MSFN (EXCEPT DCS AND V:DEQ) PAYLOAD VIDEG TAPES (MAILED FROM A

Figure C-1. Communicb_tions and Data
“ Flow Configuration

Cc-1
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GENERAL DESCRIPTION

Three primary ground stations'accompiish all ‘Table C-1. Spacecraft/G(ound Communications Summary
of the necessary communications. in support o S . '
of the mission: STATION
STATION NETWORK 3 z
Goldstone (Calif.)’ — . MSFN CAPABILITY § il g i
NASA Test and _ . . = a
Training Facility (NTTF) — MSFN " Pryiosd Data -
Alaska — STADAN Receive RBV/MSS Video X[ x|x
Receive DCS Data (USB) x| xix
o . . Transfer RBV/MSS Video To 0CC X
These are the only sites equipped to receive rim\ggsﬁbvro;;?mﬂm : ;(( .
to
the Muitispectral Scanner (MSS), Return - )
Beam Vidicon, and Data Collection System Command Data
8C
(DCS) data, ar_ld perform all narrowi.:)and 3:":';"":'; 1ol x 1,
telemetry, tracking and command functions. Comgputer Cantrolied Commands x I x{x|x
Other MSFN and STADAN stations will be Manial Commands x X
used as a backup for narrowband telemetry, Houmekesping Telsmetry Data (Narcowband)
tracking or command functions only. Rscsive USB PCM XPx|x!x
Recsivw VHF PCM : X X
Transfer Roal Time PSM 10 OCC x| x|x|x|x
Figure C-2 summarizes the various spacecraft Teanstar Playback PEM tn OCC kix
to ground communications links and Table Tracking Date
C-1 lists the capabilities of the ground stations USB Tracking X x*| x
to receive and transfer the various types of Minitrack Trackina X X
data. *Receive Only
X -
i
;/' A !I\
gy use

A
i
o

401.55 MHz
137.86 MHz
2265.5 MHz

DCS UPLINK 2229.5 MHz

PLATFORM MESSAGES

{5 KBPS)

S-BAND
MSS (15.06 MBPS)
AND
RBV {3.7 MHz)
REALTIME AND PLAYBACK

, 2106.4 MHz
ﬁ ~ UPLINK: COMMAND (70 KHz, 1KBPS/175 BPS)
= B ey SR
ol PSEUDD-RANDOM RANGING
2287.5 MAz :

DOWNLINK: REALTIME PCM (768 KHz, 1KBPS)
PLAYBACK PCM (597 KHz, 24 KBPS)
DCS (1.024 MHz, 5 KBPS)

154.2 MHz

VHE
UPLINK: COMMAND (128 BPS)
DOWNLINK: PCM — REALTIME (1 KBPS)

— PLAYBACK (24 K8PS)
: SERVES AS TRACKING BEACON

Figure C-2. Spacecraft/Ground
Communication Links



C.2 PAYLOAD WIDEBAND
COMMUNICATIONS

C.21 Spacecraff to Ground Communication

RBV and MSS wideband d. .a are normally
telemetered simultaneously to one of the
three prime ground stations over two S-Band
links operating at center frequencies of
2229.5 MHz and 2265.5 MHz. The RBV
camera has a videu Landwidth of 3.5 MHz and
is u,ed to frequency modulate the carrier
within an RF bandwidth of 20 MHz. The MSS
output is a single Pulse Code Modulation-
Non-return to Zero Level (PCM-NRZL) en-
coded bit stream at a bit rate of 15.06 Mbps.
This PCM signal Frequency Shift Key (FSK)
modulates the carrier.

Both RF links contribute a small degradation
to the data. For the RBV the degradation in
signal-to-noise ratio is less then 1 dB The
MSS bit error rate is less than 1 in 10°. These
are worst-case values expected at the 2°
elevation limit of the three primary ground
station viewing cones.

C.2.2. Ground Receiving and
Recordings

Figure C-3 illustrates the flow of the wide-
band data as it is received and recorded. Al
the Alaska and Goldstone stations the data is
received and demodulated and then hardwired
into special Receiving Site Equipment where
it is processed and recorded. For the NTTF
station at GSFC, the Receiving Site Equip-
ment is physically located.in the Operations
Control Center rather than at the station. This
permits operations personnel to directly mon-
itor the display equipment during data recep-
tion from NTTF.

The Receiving Site Equipment for the RBV
includes equipment to resynchronize and re-
clamp the video, a video display CRT, and
various test equipment. This equipment moni-
tors the data as it is received and supplies the
necessary timing and control signals to the
video tape recorder. The recorder, an RCA
TR-70, records the composite video signal on

tape for physical transfer to the NDPF.

GOLDSTONE & ALASKA
RBV AND MSS VIDEOD
FAOM SPACEBDAN SENSOAS

WIDESAND
DEMODULATOR

]

RBV RECEIVING TAPE
RECORDER [~

}—1 ACVR l—

SITE €Qui?

TAPES
MAHED
T0 NOPE

WIDESAND

M3S RECEIVING

r . TAPE
DEMODULATOR |1 svnchromzer [~ se eouip RECORDER [~
)
T 1 oce e
ABV AND MSS VIDED l
£ROM SPACEBORNE SENSORS '
LINE A8V | wioesano RBV RECEIVING TAPE
ORIVER | DEMODULATOR SITE EQUIP S
I TAPES
HAND
RCVA CARRIED
TO NOPF
LINE WIDEBAND [ - S TAPE
DEMODULATOR ] SYNCHRONIZER SITE EQUW >

|
|
uss
BRIVER I
|
|
i

i

Figure C-3. Wideband Video Data Flow
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TELEMETRY, TRACKING AND COMMAND

. DATA HANDLING

The Receiving Site Equipment for the MSS
demultiplexes the serial bit stream into indi-

vidual data channels corresponding to each of

the detectors in the sensor. It adds a pre-
amble, line start code, line length code, and
other data to each channel, and outputs the
digital data on parallel lines for recording on
an Ampex FR1928 tape recorder. An A-scope

provides the capability to monitor one of the

output channels after demultiplexing.

C.3 TELEMETRY, TRACKING AND
COMMAND DATA HANDLING

The spacecraft telemetry, tracking and com-
mand equipment operates with either the
MSFN or STADAN type stations. S-band
equipment is provided for the former and
VHF equipment for the latter. The stations
and the NASA ground communication facili-
ties provide the link for the near real-time
transfer of this data between the spacecraft
and the Operations Control Center at GSFC.

C.3.1 Telemetry Data

The spacecraft transmits real-time telemetry
data at 1 Kbps, using the VHF downlink to
STADAN stations or a subcarrier of the
unified S-band (USB) downlink to MSFN
stations. This data is received whenever the
spacecraft is in view of one of the three prime
ground stations, and is directly relayed to the
OCC.

The spacecraft also continuously records tele-
metry data on one of two on-board narrow-
band tape recorders. This data is played back
at 24 Kbps using another of the USB subcar-
riers (or VHF backup downlink). This data is
normally received during station contacts at
Alaska or NTTF and is transferred in real time
to the OCC. This stored data provides a

coni:_iriuou_s history of the spacecraft and
sensor status.

c32 C'dhiniand Data

Normally all commands.are generated in the
OCC and relayed to the spacecraft from one
of the three prime stations. These commands
may. be realtime commands executed im-
medlately upon receipt, or time-lagged com-
mands that are stored for execution at a
prescribed later time. In emergency situations
commands may be sent from other stations.
Commands from MSFN stations are trans-
mitted on a subcarrier of the USB link and
from STADAN stations on the VHF link.

C.3.3 Tracking I:Data |

Primary tracking data is obtzined using the
MSFN USB range/range rate system. Tracking
data is processed at the ground stations to
determme range, velocity and direction para-
meters These are then transmitted by tele-
'I'\/nn to GSFC whnrp the nrbital parameters

and spacecraft ephemeris are computed

Secondary tracking can be provided by the
VHF minitrack intesferometer tracking sys-
tem at STADAN stations.

. C.3.4 DCS Data

Data from individual Data Collection Plat-
forms is transmitted to the spacecraft at UHF
where it is received, frequency transiated, and
retransmitted over the USB downlink to one
of the three prime stations. Special DCS
recelving site equipment at these stations
decodes and processes the data as it is
received and reformats it for transmission to
the OCC. (Refer to Appendix A.3 for a more
complete discussion of the Data Collection
System.)



APPENDIX
OPERATIONS CONTR ). CENTER

.

The Operations Control Center (OCC) Is the
focal point of all communications with the
ERTS spacecraft. All spac:craft and opera-
tions scheduling, commanding and spacecraft
related data evaluation for the ERTS mission
is controlled by the OCC. its 24-hour-a-day
activities are geared to the operational -time-
line dictated by iie orbit and ground station
coverage capabilities. The major elemerits of
the OCC are shown in Figure D-1. =

D.1 SYSTEM SCHEDULING ;

At the beginning of each spacecraft day the
activity plans for that day are generated by
the OCC for each orbit’s operation, based on
sensor coverage requirements, spacecraft and
payload status, network availability and the
current cloud-cover predictions. Priorities are
assigned to coverage requirements for select-
ing the data to be collected over various
geographic locations as described in Appendix
K. Sensor operations including real-time, re-

mote coverage,and calibrations are scheduled.

Current spacecraft and payload status are
examined to ensure effective utilization of the
observatory capabilities. Tracking and orbit
adjust requirements are obtained from the
NASA Orbit Determination Group when re-
quired and integrated with the coverage plan-
ning. Scheduling is coordinated with the
network operations center and station availa-
bility is determined for both routine contact
operations and orbit-adjust maneuvers. After
integration of all the required data sources

and support activities, a final activity plan is .

issued. This plan is the integrated time-
ordered sequence of events defining the space-
craft, payload, and ground system operations
for each orbit, and serves as the basis for the
compilation of spacecraft command lists.

D.2 DATA ACQUIS!ITION

After acquisition of telemetry signals from
the spacecraft, the narrowband housekeeping
data (real time and playback) and Data

'Coil‘e_ction System (DCS) information are

routed via NASA Communication Network

" (NASCOM) to the OCC. The real-lime space-

craft data are then displayed on live opera-
tions consolas where computer-driven slatus
lights and CRT displays provide the spacecralt

- evaluators with a complete on-line determina-

- tion” of vehicle anhd payload status, per-
. formance, and health, as well as command
‘verification.. DCS data are also processed in

" the OCC on-pass and placed on magnetic tape.

Theée tapes are available immediately post-

' ' péss’ for continuad processing in the NASA
‘Data Processing Facility (NDPF).

In-depth spacecraft evaluation and image an-
notation information are derived from the
data stored an the narrowband tape recorders.
These data contain all the sateliite telemetry

" for the entire orbit, including all remote areas.

Playback data are received during the station
pass at the OCC but are processed post-pass to
produce detailed spacecraft evaluation
parameters and trends. The Spacecraft Per-
formance Data Tape is also generated from
this playback data and given to the NDPF for
use. in generation of image annotation para-
meters.

Video data received during Network Test and
Training Facility (NTTF) station passes are
relayed directly to the OCC where they are
processed in the jdentical manner as at other
remote sites as outlined in Appendix C. The
video tapes generated in the OCC are hand-
carried to the NDPF for image processing.

D.3 COMMAND GENERATION

Commanding of the ERTS spacecraft is per-
formed by an operator at either of two
operations consoles located in the OCC. All
commands are checked and then routed by
the OCC computer system to the remote
receiving site that is in contact with the
satellite. At the site an ‘‘as transmitted”
command check is performed and command
acknowledgements are relayed back to the
OCC. Final command verification is made
through analysis of telemetry data.

ORIGINAL
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APPENDIX E
NASA DATA PROCESSIt = FACILITY

The NASA Data Processing Facility (NDPF)
processes and stores all sensor data and dis-

_seminates large quantities of his data to users

in the form of film imagery, computer com-
patible tape, and Data Collection System
(DCS) tapes, cards, and listings. To accomplish
these functions, the NDPF utilizes the fol-
lowing subsysters:

e Bulk Processing Subsystem (BPS)

® Precision Processing Subsystem (PPS)

® Special Processing Subsystem (SPS)

® Photographic Processing F'a;ility
(PPF)

® Quality Control Subsystem
e Computing Services Subsystem

e User and Support Services

1M UATA FRULCDDNING FAaciatb T

Figure E-1 illustrates the fiow of data thrbugh
the NDPF and its relationship to the various
subsystems. '

The Bulk Processing Subsystem processes all
imagery data received at the NDPF. Data is
accepted in the form of video tapes and
transferred to film imagery using an electron
beam recorder. Image annotation tapes pro-
duced by image annotation processing provide
descriptive and positional data to Bulk Proc-
essing. User and Support Services determine
and control the- process flow through the
system by means of work orders.

Latent film from Bulk Processing is developed
and transferred to the Photographic Proc-
essing Facility where multiple copies are made
for distribution to investigators. Based on
investigator requests, selected film images are
inputted to the Precision Processor, where
their data contents are corrected both spatial-
ly and radiometrically. The corrected images
are written out onto film which is also proc-
essed by the Photographic Processing Facility.

NASA ORBIT ERTS PROJECT
EPHEMERIS 'T DETERMINATION OFFICE
TAPES
COMPUTING SERVICES
DCS TAPES DCS DATA
DCS FROCESSING
— —_— MASTER DIGITAL DATA TAPES | ]
Iitég‘“m L" IMAGE ANNOTATION
PROCESSING
IMAGE HIGH COMPUTER INVES:
> IN -
ARNOTATION " DENSITY SPECIAL PROCESSING I o MPATIBLE USER TIGATORS
TAPES DIGITAL TAPES &
TAPES SUPPORT
VIDED TAPES CESSING SERVICES
R 1
BULK PAOCES: LATENT
. IMAGES
\ WORK OADERS
BULK PHOTOGRAPHIC IMAGES
CORRECTION PROCESSING
DATA
LATENT
IMAGES
PRECISION /
Lo PROCESSING
BULK IMAGERY

NDPF

Figure E-1. NDPF Functions

E-1
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BULK PROCESSING

Both the Bulk Processing and Precision Proc-
essing Subsystems are capable of writing
image data on High Density Digital Tape
(HDDT). These tapes are used in the Special
Processing Subsystem to produce digital
image data on computer compatible tapes
(CCT). The CCT's are then duplicated by
support services and distributed to the inves-
tigators. '

Processing of DCS information in the NDPF
consists of editing, storing the data received
on magnetic tape, and reformatting it into
products suitable for distribution to investi-
gators. This process is completely indepen-
dent of image acquisition and processing.

E.1 BULK PROCESSING SUBSYSTEM

The Bulk Processing Subsystem, shown in
Figure E-2, produces latent images on 70 mm
film from the data received for each spectral
band of the RBV and MSS sensors. The data
is also digitized, reformatted, and placed on
high density digital tape.

Certain corrections and annbtatibn are ap-
plied to the data during the Bulk Processing
operation and include:

. @ 'Geometric correction for spacecraft
- platform instabilities '

‘. Reddgtion of systematic errors caused
by RBV camera distortion and image
generation

® Radiometric correction for each RBV
and MSS spectral band

e Framing of MSS data to be spatiaily
coincident with RBV- data

The Bulk Processing Subsystem equipment
includes video tape recorders for handling
input data, a computer digital tape recorder
for input of annotation data, an annotation
generator, high resolution fiim recorder, and a
high density digital tape unit and associated
control units. Operation of all of this equip-
ment is controlied by ihe process control

Mss mss MsS
— & VIDEQ ——] \1’:3550 VTR
ONTAROL
TAPES necorper o= °© [ ———=
i
Xxos 13 !
COMPUTER HIGH
CONTROL
o] MAGNETIC CONTROL HDDTR DENSITY DIGITIZED
* ::::snnun TAPE COMPUTER f:#;";f& contRoL’ | DIGITAL TaPE IMAGE DATA
RECORDER i RECORDER
® IMAGE T 1
CORRECTION I 1 1 : ! [}
COEFFICIENTS : H i
) .
[ ]
ANNOTATION
TELETYPE T H
. | e——d4d] sceneramiON
I 1
| 1
: 1
|
Rav Vinto RBV -——-- LL" EBR “ELECTRON EXPOSED
—® VIDEQ ——8 1ppe L *1  contRoL M e | 7o mm
TAPES RECORDER [~ — —*] bl = gt

~————a VIDEOD DATA

~= = —i= CONTROL SIGNALS

Figure E-2. Bulk Processing Subsystems Equipment
Configuration '




computer which is a small scale, dedicated
computer providing control 3ad timing of all
hardware in BPS, formatting of annotation
data, and computation of geometric correc-
tions to be applied to imagery. '

The high resolution film recorder is an Elec-
tron Beam Recorder (EBR), and all images are
generated through this device. The recorder
has a contintous film transport to minimize
degradations at thc corners of the image and
to ullow dynamic framing of the MSS data. [ts
functional parameters and performance data
are given in Tables E-1 and E-2. '

Control Unit accepts the analog' RBV data,
performs necessary signal conditioning and
error signal generation, and outputs th'_é"'data
to the EBR control unit. ;

i
3,

E.1.1 RBV Video Processing

RBV data is entered into BPS via the RBV
Video Tape Recorder (VTR). The RBV VTR
Control Unit accepts the analog RBV data,
performs necessary signa! conditioning and
.. error signal generation and outputs the. data
to the EBR contro! unit.

During RBV data processing, geometric and
radiometric corrections are applied to the
video data. These corrections are derived from
measurements of actual RBV imagery and
pre-flight calibration data by the Precision
Processing Subsystem. They remove system-
atic RBV camera non-linearities, alignment
errors, and shading errors, as well as ‘EBR
internal errors. The correction coefficients are
transferred to the BPS from the PPS on
computer-readable tape, stored in the con-
trol computer, and used to control writing

beam. position and intensity during image
generation.

The Video Tape Recorder control unit also
digitizes the RBV video data and outputs it to

“high density digital tape. This data is essen-

tially raw video, with no calibration or cor-
rections applied.

E.1.2 MSS Video Processing

MSS data is inputted to the BPS Bulk Proc-
essing’ Subsystem via the MSS Video Tape

_Recorder (MSS VTR). The MSS VTR control

unit decommutates image and calibration
data, time, line length, and frame 1D codes

‘and: performs calibration and digital-to-analog

conversion of the MSS data. The BPS then
outputs the video data in analog form to the
EBR control unit. -

The MSS VTR control unit also outputs
reformatted digital data to the high density
digital tape recorder control unit. However,
the MSS data on the HDDT is not corrected
or calibrated by Bulk Processing. Ail cali-
bration and correction of the MSS digital data
is later done by the Special Processing Sub-
system.

E.1.3 Framing

The RBV and MSS sensor systems are nor-
mally operated in time coincidence, i.e., both
sensors are taking imagery data at the same
time. Since framing of the RBV images is
inherent in the simultaneous shuttering action
of the three cameras, the centers of the RBV
images are nominally identical. There are,
however, slight offsets between the image
centers due to misalignments between the
cameras. During Bulk Processing, the EBRIC

Table E-1. Electron Beam Recorder Functional Parameters

. Active
Lines Line Cells )}::' X Band Writing Framing Film’ \:;“.'.” s‘: Apersture Spot
Mode ; Per ( Rate Per Tims SE p':dl -1 Width Time Per Time Speed S;l::: Sp::: Scanned Wobbie
ram lines/ Li
1] ines/sec) ine o) (usmcfmm) (MHz) F(r::)e (sec) | (mm/sec) {mimfsec) (mm/sec) {mm} (pm)
RBV-VFC 4125 1250 4003 120 13.09 .20 33 15 18.288 16.667 . 1619 5.J44 133
10.348 MAX
MSS-VFC 4312 163.44 3300 £ 300 2160 39.27 .768 218 26 2380 1.918 466 12.86 1.7
t 30 15.38 MAX

VEC = Video Data To Film Conversion
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ELECTRON BEAM RECORDER

IMAGE OVERLAP

Table E-2. Electron Beam Recorder

Performance Data

Parameter

the top and bottom of an RBV nmage as illus-
trated in Figure E- 3A

Line Scan Rate

Dynamic
Writing Area

Frequency edge
Response
Vertical

Lines per frame
Density

Range

Transmission
Range

Field Flatness
Scan Jitter

~ Film Transport
Jitter

Repeatability

Horizontal center:

Performance
Video Bandwidth | 0 to 8MHz at-3dB
Video Filter RBV: passband 0 to 3.5MHz at -1dB

MSS: passband 0 to 1.0MHz at -1dB

RBV: 1250 lines/sec
MSS: 326 lines/sec

63 x 16 mm

8000 TV lines at 50% response
7200 TVL at 50% response

/

RBV: 4125 (55 mm frame)
MSS: 4512 (53 mm frame; after line
doubling

0.1t02.1

100:1

Max. density variation
<1% of Dpax

peak-to-peak variation
< 0.01% of 63 mm

rms variations fine-to-line (non-
cumulative) < 20% raster pitch

Peak error <0.03 mm

irledadeadiduoldiendis -+
|
|
|
d— 14 nm

2 +
24

NNANNNNNNN

100.0 nim

SINNNNNTN

P
L

\
S .

mMss
\

IDENTICAL COVERAGE

| IK THE PRECEDING RBV
.1/— SCENE |

AN

IDENTICAL COVERAGE
*“uw THE PRECEDING MSS
SCENE

FANNAANNNANANNNY A

correction data from Precision Processing is
used to adjust for these alignment differences
and to position each image within the writing
area so that the latitude and longitude called
out in the annotation block represents the
format center. Format center is the intersec-
tion of the diagonals between the four regis-
tration marks.

During the sensor ON periods, RBV shutter
action occurs every 25 seconds. In this inter-
val, the satellite ground track and sensor
“coverage area’’ advance 86.04 nautical miles.
This results in 14 miles of overlapping data at

Figura} £-3. RBV and MSS Overlap Area Between
Consecutive Scenes

The MSS, on the other hand, is a continuous
scanning device, and were it noi for the
dynamic framing technique used in the
NDPF, would produce continuous strips of
film imagery. In the framing technique, the
GMT exposure for the RBV shutters is used as
the reference time to compute the MSS frame
center. Using this time and *’counting back"
the number of scan lines equivalent to one
half a frame, then MSS imagery can be framed
to correspond to RBV irnagery. Framing is
coincident to within 10 milliseconds.

Overlap of imagery beiween MSS frames is
also provided as shown in Figure E-3B. The
overlap corresponds to approximately 8.8
nautical miles on the ground and is made
possible by writing MSS scan lines twice —
once on each of two adjacent frames as illus-
trated in Figure E-4. The MSS overlap is
limited by the beam deflection aperture of
the EBR.
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Figure E-4. MSS Dynamiz Framing Technique

E.2 PRECISION PROCESSING
SUBSYSTEM '

The Precision Processing Subsystem (PPS)
accepts selected bulk-processed 70 mm imag-
ery and, through a hybrid analog-to-digital
processing system, produces geometrically
and radiometrically corrected images on a
9-1/2 inch format. Automated reseau mea-
surements and ground control point correla-
tion techniques are used to remove geometric
distortions, and perform precision location
and scaling of the corrected data relative to
map coordinates.

FREGCIDIVIY @ A oo

A key feature of PPS is the use of ground
control points to measure and correct posi-
tional errors in the MSS and RBV images. The
ground controi points used for precision loca-
tion of imagery are objects having a known
position on the earth’s surface and which can

~ be identified in an image. Data obtained from

measurements of these control points are used
to perform geometric corrections in PPS and
provide data to 8PS for systematic error re-
moval. ' '

The PPS. aiso has the capability to digitize the
corrected data, and record it on high density
tape forconversion to a computer compatible
‘tape by the Special Processing Subsystem.

The PPS consists of a viewer/scanner assem-

bly which receives the 70 mm film input from

BPS, a scanner/printer assembly to produce
the 9-1/2 inch precision-processed film image,
a high density digital tape recorder and a
process control computer. Figure E-5 shows
the major hardware components of the PPS.

The. image measurement functions are per-
formed using the viewer/scanner. This in-
strument is basically a precision, two-stage
image comparator with automatic and manual
image-matching and coordinate-measuring

= - —— — —— — —— —/ ™\
3 yi VIEWER/SCANNER X
:%Tr SCANNER/PRINTER
IMAGES il '-—-{ | e
STAGE
EWING OPTICS CORRELATOR VIOED #1/2 INCH
? g view ™ rrocessoR AOLL FILM
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| CONTROL STAGE D
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[} SYSTEM CONTROL
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l DIGITIZED
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Figure E-5. Precision Processing Subsystem
Equipment Configuration
ORIGINAL

E~5

SEPTEMBER 15, 1971




INPUTS TO PRECISION PROCE SSING

capability. The operator station includes a
data entry device, binocular viewing optics,
X-Y handwheels, and a video m:onitor.

The image conversion and annotation func-
tions are performed by the scanner/printer.
This is a precision, two-stage instrument —one
stage equipped with a CRT scanner, the other
with a CRT printeér. The operator station con-
tains a teletype, X-Y handwheels, and a video
monitor. The digitized image output equip-
ment includes an analog-to-digital converter
to encode the video signals, a Newell high-
density digital tape recorder, and associated
control electronics.

The computer operates as a real-time control
computer for the image measurement, conver-
sion and annotation, and video digitization
functions. It is connected through a direct
input/output channel with the viewer, printer,

and video digitizer electronics. The computer,

with associated magnetic tape unit and rapid-
access disc memory, also functions as a data
processor for other systerr operations. It

reads and checks the annotation tape during
initial screening, mairitains control point and
scene files, and performs the geometric and
radiometric transform computations.

Figure E-6 shows the major internal functions
of the Precision Processing Subsystems and
their relation to the system inputs and out-
puts. The normal throughput path is from
bulk-processed image inputs to precision
latent-image film and digital-image tape out-
puts. The major functions are separated into
three groups, performed sequentially for a
given set of scene images,’ but otherwise

independent in time.

E.2.1 Input Screening and Ground Control
Selection

The input images are received as 70 mm cut-
film positives, accompanied by a daily work
order and a precision image annotation tape.
The work order prbvides precision processing
instructions and the annotation tape defines
satellite position, attitude, and attitude-rate
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Figure E-6. Precision Processing Operation




data for each image. Each s:ene is evaiuated
by the system and additional control points
are selected if required. In preparation for

subsequent functions, the images are batched

and mounted on transfer fr. nes.

E.2.2 Image Measurement, Transform.
Computation

The mounted images are placed in the
viewer/scanner and measurements are made of
the coordinates of all (81) reseaus in each
RBYV image, and the coordinates of each .con-

trol point (typically 9) in one RBV and one

MSS image per scene. These measurements are
made by automatic scanning and correiation
equipment and referenced to an image co-
ordinate system established by the image-
corner registration marks provided in the bulk
images.

In the geometric transform computation,
separate spatial resection computations are
performed for the RBV and MSS scenes to
determine the position, attitude, and
attitude-rate for each sensor which prosides

5
%

IMAGE :
. CONVERSION AND ANNOTATION

the best least-squares fit to the control points.
RBV :and MSS imade coordinates are then
.computed to be used in each of 64 outpul
prlnt blocks.

When radlomatrlc cahbratlon images are in-
cluded with the input RBV images, they arc
batched separately for transmission measure-
ments. The RBV radiometric transform is not
computed until after gray scale measurements
are: made on the scene images during the

'lmage conversmn pracess.

E 2 3 Image Conversnon and Annotation,

Image Digitization

The mounted images are transferred to the
scanner/printer. After gray scale measure-
ments are made, the scene information in
each input image is converted to a video
signal, processed to make the required radio-
metric transformation, and printed on the
output film in UTM projection at a scale of
1:1,000,000. The geometric transformation is
implemented by linear interpolation between
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Figure E-7. Special Processing Subsystem
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SPECIAL PROCESSING

'the computed input-image coordinates for the
corners of each of the 64 print blocksinan 8
by 8-:array. Image annotation information tick
marks and alphanumerics are printed around
the image periphery. When requested, the
corrected video signals are also digitized and
recorded on high density digital tape during
rmage conversion.

Flgure E-6 also indicates two occasronal low-
throughput operations by dotted input and
output lines. One retrieves digital image data
from Special Processing and produces 9-1/2
inch latent images. The other generates EBR
image Correction (EBRIC) tapes for use in
the Bulk Processing Subsystem.

£.3 SPECIAL PROCESSING SUBSYSTEM

The Special Processing Subsystem (SPS) pro-
vides transformation of selected Bulk or
Precision digitized data to a computer com-
patible tape (CCT) format. The SPS equip-
ment consists of a process control computer,
five magnetic tape units, a data controller/

corrector, and- a high density digital tape
recordér (HDDTR). These items and the SPS
relatronshrp to:the Bulk and Precision Process-

ing Subsystems ‘are shown in Frgure E-7.

The hrgh densrty dlgltal tape (HDDT) and
associated HDDTR are essertial to the effi-
cient flow of data within the NDPF. The
HDDTR provides high bit packing density and
transfer rates during ‘Bulk and Precision
Processmg, along wnth playback at lower
speeds__to retain compatibility with the aver-
age recording rate on the SPS computer com-
patible tapes.

The control computer is used in a prucess
control mode whereby the digital image data
is transferred to the memory modules and the
main frame computer performs the data cor-
rection computation. As shown in Figure E-8
the sr}xbsystem reads data into the control
computer memory, accepts manual instruc-
tion inputs, operates on the stored data to
correct, edit, ‘teformat, and annotate it, and
records the processed data on CCT.
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Figure E-8. Special Processing Operation




For MSS data, selected  srrections are per-
formed by the Special Data Controller/
Corrector consisting of - line length adjust,
radiometric calibration, and decompressi'o'n.

E.4 PHOTOGRAPHIC PROCESSING
FACILITY

0

The Photogranhi~ Processing Facility. (PPF) .

accepts the Bulk and Precision processed film
images and produces large volumes of |mag-

ery. The facility is capable of prod_ucmg 70

mm and 9-1/2 inch black and white imagery,

9-1/2 inch color imagery, and 16 mm ‘micro-
film. Equipment used to accomplish this-
includes continuous tone automatic:black-

and-white processors, automatic color film

and paper processors, high speed stripﬁ-print- "

ers, and step-and-repeat contact printers.
Speciatized equipment includes a photo-
graphic enlarger modified to a fixed, focus
enlargement of 3.37, a color composnte print-

er, and microfilm copying, processmg, and

duplicating equipment.

PHOTOGRAPHIC PROCESSING

- '1 .. P
- The PPF also includes a centralized chemical
mixing and storage_ facility incorporating a

__ poHution abateent system consisting of elec-

tro[ytic snlver recovery units, black-and-white,

© fixer recnrculation. and color bleach regenera-

tlon and recurculatlon

vy
Lot

Inputs to the PPF are latent film from Bulk
and Precision Processing, stored imagery from
. Support Services, and computer generated
work orders. The orders specify images to be

- reproduced and type and quantity of prod-

'ucts required.

B Black-and-white processing includes the fol-

lowing activities as illustrated in Figure E-9:

® Processing of 70 mm latent film from
BPS and 9-1/2 inch latent film from
PPS

® Enlargernent and processing of 9-1/2
inch master bulk imagery negatives

LATENT .
Tomm R cLoUD ASsESIMENT
P -~ AND
. act

i

Wk
PROCESSING

*  QUALITY CONTRIL

VI
ENLAAGEH ac ﬂ',‘,','"n Q€ f—p| 817218 ¢ TRANSPAHLNCY
stRip
Tomm PRINTER oc sz o PARER
Tomm
Tomm.
STEP + REPAINT ; STRIP
CONTACT PRINTER ac PRINTEN OC  jediom 7mm + TRANSPARENCY
i -
sTAR
PRINTER ac
S e Twm + INPIT TU PRECISION ',
PRECISION :‘ITE"T T
nm . .
p DI S TRANSPARENCY
{ ac -
FRINTER, ac Q12IN. TRANSPARERCY
PRINTEN . ac

BV2IN. + PAPER

Figure E-9. Black and White Processing

E-9

ORIGINAL

SEPTEMBER 15, 1971




NDPF QUALITY CONTROL

® Printing and processmg of ali 70 mm
“and 9-1/2 inch internegatives and
interpositives '

® Printing and processing of the 70 mm
input for Precision Processing

® Printing and processing of 9—1/2 inch

triplet sets used for generation of
composite negatives

® Duplicating and processing 70 mm
negatives and 9-1/2 inch positive
transparencies and paper prints for
dissemination to users

Color processing as shown in Figure E-10 in-
cludes the following activities:

® Punching of registration points in
black-and-white triplet sets

® Generation of color ccmposite nega-
tives from Bulk and Precision black-
and-white triplet sets

® Printing and processing 9-1/2 inch
color transparencies and color paper
prints for users

Figure E-11 shows the flew of microfilm

-preparation and processing. Each print is

filmed to produce an archival negative. Inven-
tory . |s updated by denoting the identifiers
contamed on:'the roll, and the roll number.

" The archwal negative is processed, analyzed

for quahty, and spot~checked to assure the
images are in_proper order. Negative masters

‘are converted to positive copies which are
“then shlpped to the |nvest|gators

E.5 QUALITY CONTROL

"Process control testmg and process indepen-

dent ' testmg are performed in the NDPF

' photographlc facnlnty The basic tool used to

momtor process activities is a quality control
strip - contaming four. 21-step wedges, each
with a drfferent crientation. The strip mea-
sures . “within® frame” variability as well as
gamma, film speed, and base plus fog. The
wedge is used every half hour, or after each
500 square feet of filin is processed. When a
processor is in control, a go-no go sample of

‘three’ steps in each wedge is used to assess
. quality. Quality control

i5 also exercised
through incoming material and mixed chem-
istry tests, archival evaluation, and printing
master evaluation.

9% (-B) [ TONTACT | B/W CUT &
™ | PRINTER ™ PrOCESSOR ac REGISTRATION
oy o™ SELECTIVE PUNCH INDIVIDUAL
2 (-P) TRIPLET FRAMES
PRINTING '
2% + B/ TRIPLETS
Y
COLOR COLOR : .
STRIP FiLM v,
COMPOSITE —— FILM ac —» :
PRINTER PROCESSOR : PRINTER PROCESSGR | ™ PAPER
9% (- COLOR) I
peki el S TN

Figure E-10. Color Processing
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MICROFILM
CATALOG

PHOTO Q12N MICROFILM . DRGANIZE CAMERA 16mm () ROLL
PROCESSING + PRINT TEGHNICIAN [ INVENTORY FILM MICROFILM
- INVENTORY ]
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The quality control procedures for printers
consist of observations, tests, and preparation

of control charts once per day for:

® Light source intensity and exposure

duration

® Evenness of illumination

Figure E-11. Microfilm Processing

® Printer operating speed

® Resoclving power

® Physical characteristics

The successful image developmenf of archival
film, printing of masters and user products is
predicated on rigid control of the processing

E~11
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COMPUTING SERVICES
INFORMATION SYSTEMS

equipment and it is necessary to frequently
monitor variables encountered in the process-
"ing equipment operation. Those factors re-
quiring continual monitoring and the frequen-
cy of monitoring are: :

® Processor operatlng Speed — once per
hour

® Processor solution temperature —
once per hour

® Solution replenishment flow rate —
once per day

® Sensitometric response — once per
shift

® Physical characteristics — once per
shift

Processing chemistry is prepared from stand-
ard commercial package mixes. To maintain .
quality control standards, a fraction of each
incoming lot of chemicals is evaiuated to
determine that its action is within limits
prescribed by previous testing of individual
developers.

E.6 ébMPUTING SERVICES SUBSYSTEM

A central computer system, utxhzmg a com-

' prehensuve data base and information storage

and retrieval capabillty, provides control of
NDPF-' ‘operations. The NDPF |nformation
System utxhzes a dedicated Xerox Sigma-5
computer and provides the capability for
production c:ontrol management reporting, .
data storage and retrieval, service to users, and
preparation of digital procucts.

The Information System, itlustrated in Figure
E-12, is builf around 2 central data base pro-
viding support for computation and pro-
ducﬁon control functions. 1t provides accu-
rate ‘accounting and storage of all data
pertammg to -observations, production sched-
ules, “and management control. All phases of
operation are entwied intc the data base,
including data received at the NDPF, condi-
tions under which the observations were
made, .results of image quality assessment,
results of cloud assessment, status of pro-
duction, and status of shipment. All data is
readily available for general searches, in addi-
tion to being availabie to satisfy the more
specific requirements of production control.

DATA BASE :
CATALOGS g@;“UAR‘;TEsME"T SEARCH AND O W
RETRIEVAL
) ]
-
OBSERVATION ]
PROCESS DATA
DATA |

EPHEMERIS IMAGE WORK ORDER

AND —1 ANNOTATION > 3232:3{'““ DCS PROCESSING

TELEMETRY PROCESSING WORK COMPLETE . _

2 4 WORK COMPLETE
IMAGE w.0. SHIPPING
ANNOTATION y y Wo. wo. ¥ ORDER
IMAGE QUALITY -
IMAGE PRODUCTION
- — > - — > — - — ON |  SHIPPING |- — o
g'ADT'i\O PROCESSING ggﬁ%gf’“ PROCESSING IMAGES
ASSESSMENT '
- e e

Figure E-12. NDPF Information Systems




The various reports and catal..gs generated in
the NDPF are prepared by tnis system. In
addition two specific types of processing are
performed which are associated directly with
the payload data; they are DCS processing
and image annotation process 1.

E.6.1 DCS Processing

DCS data transmissions are relayed by land
lines from receiving stations to the Operations
Conirol Center where the data is decoded and
recorded on the Data Collection System Mag-
netic Tape (DCST). The DCST is forwarded
to the NDPF where the data is edited, refor-
matted, and stored on disc for up to'48 hours.
At the end of each 24-hour period, the pre-
ceding 24 hours of collected data is placed.on
a permanent archive tape. This transfer allows
for retrieval of data at any time in the future,
while permitting quick access to current (the
mo st recent 24-48 hours) data.

DCS processing also prepares the platform
data products for the DCS investigators. Capa-
bility is provided to produce, on request,
digital tapes, listings, and punched cards con-
taining a selected sub-set of available, uncali-
brated platform data. Means are also provided
to accumulate and print summary data suit-
able for the DCS catalog.

E-13/14
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E.6.2 Image Annotation Processing

Image annotation processing accepts ephem-
- oris and spacecraft performance data and

generates the correlative data required for
annotation and geometric correction of the
imagery. The annotation and computational

data hre passed to the image processing sub-
- systems in the form of an Image Annotation

Tape (IAT). This tape also contains processing
instructions and: supplements the work orders

" generated by Production Control. 1AT's are
' generated for each of the three subsystems:
. Bulk" -Processing, Precision Processing, and
- Special Processing.

i E.7 USER AND SUPPORT SERVICES

The NDPF information system provides com-
puter support for the User Services section of
the NDPF. This section services investigators
in a timely and selective manner by providing
a full range of activities inciuding: catalogs, a
comprehensive data retrieval system, micro-
film services, disseimination of all imagery and
DCS data, image descriptor maintenance, and
the data ordering system. A detailed dis-
cussion of these services is contained in
Section 4.
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APPENDIX -
SYSTEM PERFO!I.:MMANCE

F.1 GEOMETRIC ACCURACY

Performance of the system is considered in
this appendix from the point of view of geo-
metric fidelity, Section F.1; radiometric fidel-
ity, Section F.2; and image resolution,
Section F.3. '

F.1.1 Measures of Geometric Accuracy

The geometric accuracy of imagery ‘can ‘be
measured in several ways including:

® Positional accuracy (sometimes; called
mapping accuracy) refers to the
ability to locate a point in an‘image.
Positional location is usually: refer-
enced, in an absolute sense, to geocen-
tric latitude and longitude. Thus, posi-
tional accuracy is a measure of the
ability to locate a point in an image in
terms of its latitude and longitude.

® Registration accuracy refers to the
ability to superimpose the same point
in two different images.

® Spatial registralion accuracy is used
when referring to two different spec-
tral images of the same ground scene
taken at the same time.

® Temporal registration accuracy refers
to comparisons between two images
of the same ground scene taken at
different times. When the term “‘regis-
tration accuracy’’ is used unquahfled
spatial registration is implied.

It is convenient to relate all measures of geo-
metric accuracy to exnected error in terms of
meters on the ground. Expected error is taken
as 68 percential (rms). This estimate is not
meant to imply that all errors are random
errors normally distributed about zero. The
use of the rms error is intended only to pre-
sent typical error figures, since the maximum
errors often are misleading. (For example, the

positional effects of some errors are propor-
tional to radial distance from the image
center, and a maximum error in the extreme
corner gives an incorrect plcture of overali
error d|str|but|on )

F. 1 2 Error Sources and Their Magmtude

" The ability to positionally locate_or register

ERTS imagery is based upon the ability to
define all error sources, to quantify these

' errqrs, and to compensate for or remove them

in-the process of generating the images. Indi-

"vidual error sources may affect either or both

pos'f‘_iv_'tiona'l and registration accuracy. It is con-

- venient to group these individual error sources
“intdithree categories:

® Externa! Sensor Errors—those errors
external to the RBV or MSS, princi-
pally related to the spacecraft atti-
tude, ephemeris, etc.

® |nternal Sensor Errors—those errors
originating within the sensor, such as
nonlinearities, offsets, etc.

® Processing Errors—those errors associ-
ated with creating, transforming, and
copying images, including errors or
residuais resulting from applying cor-
rections '

The nature and expected magnitude of each
of these categories of error sources are dis-
cussed in the foilowing paragraphs. Considera-
tion of the extent to which they may be cor-
rected and how this correction is implemented
is discussed in Section F.1.3.

F.1.2.1 External Error Sources

A summary of the external error sources is
shown in Table F.1-1. Brief discussions of
significant items are presented in the follow-
ing paragraphs.

Item 1: Knowledge of Sensor to Spacecraft Align-
ment

Uncerfainty in the knowledge of the align-
ment of imaging sensors to the spacecraft's

ORIGINAL
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EXTENAL wivvwo SOURCES -
INTERNAL. SENSOR ERRORS
RBV INTERNAL ERRORS

Table F.1-1. Positional Effects of External Sources

| item No. Name of Error B Pﬁsi;i;u:;l Eﬁnc.t ("'::;"s")
1 Sensor Alignment _ 656 656
2 | EphemerisPosition | 128 128
3. Expo's.ure Time : 22 22
4 Attituds 858 814
Resulftlntl 1090 1052

attitude control reference system manifests
itself as a positional mapping accuracy. The
resultant error indicated in Table F.1-1 re-
~flects the uncertainty in alignment which may
exist after the spacecraft is injected into orbit.

Item 2: Spacecraft Ephemeris

Table F.1-1 indicates image positional errors
which result from the estimated orbit deter-
mination inaccuracies for the Manned Space
Flight Network (MSFN). range-rate tracking
system using the prime ERTS stations when
tracking all spacecraft passes.

Item 3: Exposure Time

The “moment of exposure” for the RBV cam-
eras is taken as the mid-point of their actual
exposure. The uncertainty in determining the
initiation of the exposure cycle results in a
positional mapping error. Similar uncer-
tainties exist for the MSS sensor.

Item 4: Attitude

Table F.1-1 indicates the positional mapping
uncertainty resulting from uncertainties
introduced in determining the attitude of the
spacecraft. Examples of sources contributing
to such uncertainty are:

® Attitude sensor measurement uncer-
tainty

® Attitude sensor measurement noise

® Attitude telemetry quantization

- These: spacecraft induced attitude uncertain-

ties result in different image mapping uncer-
tainties for the RBV and MSS sensors as a
result'of their different imaging processes.

F.1 22 Ii_l'ltsrm';iil'_l _$émsor E_qus

The characteristics of the internal sensor
errors are unique to. the particular sensor;
therefore, RBV and MSS internal errors are
discussed separately.

F.1.2.2.1 "RBV lhternal Er;'ors

Table F.1-2 shows the raw internal RBV
errors. The optical distortion accounts for
errors introduced by the optical imaging por-
tion of the sensor from the lens to the RBV
faceplate. This error is static (and thus can be
calibrated) except fzr small variations caused
primarily by ‘temperature variation in the
spacecraft and small residual calibration un-
certainties. Except for optical distortion, all
other error sources are effects associated with

J
¢

;. Table F.1-2. RBV Internal Errors

AMOUNT OF ERROR

ITEM NO: | NAME OF ERROR (Max)

. ==
1 1 [T |1 master
| fL__I  cenvemng
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2 H | RASTER
L__.]J size
3 | Y N\ RASTER 05°
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4 G ROTATION 10

5 3F OPTICAL 20
- H DISTORTION Hm

- MAGNETIC

& . { I DISTORTION 1%
: ' FIELY .

L {  INTERACTION® 46u
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8 NONLINEARITY %




the electromagnetic charactr ristics of the vidi-
con camera. The values fr.r these errors are
maximum estimates based on current RBV
specifications. :

These RBV internal dist cions result in an
uncompensated rms positional mapping un-
certainty of 1530 meters. This uncertainty,
combined with the external uncertainties for
RBV imagery {Table F.1-1), result in an RBV
positional mapping * uncertainty of 1880
meters as input to the NDPF. '

F.1.2.2.2 MSS Iﬁternal Errors

Table F.1-3 indicates the most significant of
the internal MSS error sources which con-
tribute to MSS imagery positional mapping
inaccuracy. These internal MSS uncertéinties
combine to contribute an rms po..monal
mapping uncertainty of 25 meters. X

&
MSS internal error sources, when combmed
with the external uncertainties affectmg MSS
imagery (Table F.1-1), result in an MSS posi-
tional mapping uncertainty of 1053 meters as
input to the NDPF.

Table F.1-3. Positional Effects of MSS
Internal Sensor Errors

Ite_r;lthVJV i o Name of Error
i B Mirrt;r Jitter
2 Scan Start Time
3 Detector Alignment
4 Sample Timz
5 Scan End Time
6 Scan Repeatability
7 Uncertainty in Calibration of Mirror
Scan Profile and Drift

F-3

F.1.3 Output Product Geometric Fidelity

The following paragraphs _summarize lhe |
effects of the NDPF on geometric fidelity of.

th'e{'output products.

F 1 3 1 Bulk mage Products

The geometnc ndehty of NDPF output prod-
ucts is a complex function of numerous

o sources of degradatlon and correction. These

sources can. be classified into three major

o ggj_oupmgs

1. Inp'bt error sources whlch the NDPF
does not operate -on nor attempt to
M remeve

o

L2, Sour_ces ‘of degradation within the
NDPF system itself

. 3. Input error sources or imaging condi-

_ tions which the NDPF attempts to re-

move or model in order to improve
geometric fidelity

The geographic location of bulk images is de-
rivad from spacecraft data relating time(s)
of  exposure, estimated spacecraft ephem-
eris, and the spacecraft’s attitude profile.
Errors in these data fall into the first classifi-
cation for bulk image products, and these
input sources of error contribute directly to
bulk output image positional mapping error.

During the conversion of raw image data to
bulk image products, the NDPF itself slightly
degrades the geometric fidelity of the imag-
ery. Such degradations are introduced by the
system hardware, by the software, and by
lmage modeling approximations. Examples of
such sources of error which are common to

‘both RBV and MSS images are listed in Table

F.1-4.

The, NDPF also improves the geometric fidel-
ity of bulk image products. This is accom-
plished by determining image corrections for
significant systematic mapping errors and
image distortions existing in the input imag-
ery. These corrections are determined for 81
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BULK IMAGE PRODUCTS

Table F.1-4. Examples of Geometric Degradation
Contributed by the NDPF to Both RBV and MSS
Bulk Images

Hardware
Electron Beam Recorder Printing AccuracY
Film (Paper) Distortion and Scale Change ’

Enlarger Distortion and Enlargement
Variations

Alignment During Spectral Registration

Software
Computational Pre_cision

Data Base Errors

Modeljng
Flat Earth Assumption

Non-compensation for Keystonsing and
Obliquity Resulting from Non-nadir Pointing

-y
NORTH

breakpoints in a matrix evenly distributed
_ over the image as shown in Figure F.1-1.
Bilinear interpolation is utilized for correc-
tions between the breakpoints. Such correc-
tions reduce but cannot entirely remove all

i
!

Flgure F.1-1. RBYV Breakpoint Error
Correction Tecknigue

errors and, thus, a residual error remains in
bulk: lmage produc’rs Brief discussions of cor-
rections apphed to the RBV and MSS bulk
imagés are pfovnded in the following para-
graphs

F.1. 'R‘_B\‘I"_';‘_'Error Removal

The :__Bhulk" Processing RBV image correction
data flow is shown in Figure F.1-2. Scale cor-
rections are made to RBV bulk imagery to

X3

" COMPUTER

INPUTS UNCORRECTED RBV " BULK OUTPUTS

VIDEg PROCESSING REGISTERED & CORRECTED

Vi Vatxy Vatay ABYV TRIPLETT ON 70 mm FILM
¥ ¥ sy
RBV VTR )
Q,"{ @ }1’ CONTROLLER [ QWTES&,_ER = een
+ +
RBV -
vlaueo RAGIGMETARIC &
TAPE SYNC GEOMETRIC
CORRECTIGNS

( } PER SCENE SATELLITE ATTITUDE & EPHEMERIS DATA

BULK IMAGE ANNOTATION TAPE
(FROM NDPF DATA SERVICES}

Qﬁiﬂ CAMERA R8V ERROR -CORRECTION COEFFICIENTS

EBRIC TAPE

'''''

.,'_J

. C”‘y‘

{81 BREAKPOINTS
PER CAMERM
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Figure F.1-2. Bulk Pr:oceés)'ng RBYV Image Correction




account for frame to frame variations in alti-
‘tude. In addition, calibrati~rs of the system-
atic and stable portions of the RBV internal
errors and distortions are performed on a
regular basis. Corrections for calibrated dis-
tortions and errors are determined and

applied to all RBV bulk images. Residual dis-

‘tortion errors in the RBV bulk imagery are
present as a result of calibration errors, RBV
drift from calibration, and RBV random
errors. o -

Table F.1-5 shows the total, rms, geb’hetric
errors in RBV Bulk Output Products resulting
from all of the contributing error sources.

Table F.1-5. RBV Bulk Output Product .
Residual Errors (rms}

' F1. 3 1.2 Mss Error Ramoval

MSS imagery is obtained under dynamic con-
- ditions, and conversions of MSS image data to
-_ffoutput products without accounting for these
| dynamic imaging conditions would introduce
“. ' sizeable image mapping errors and distortions.

To reduce these dynamic errors the NDPF
models the significant MSS imaging dynamics

. (nommal and systematic variations from
- '-nominal) and. corrects the MSS output images
- accordmgly

The Bulk Processing MSS image correction

data flow is shown in Figure F.1-3. Examples
of corrections which are applied include:

® Altitude variation from frame to frame

. . and within a frame
Positional Mapping Accuracy
Film Products 1120 meters ® Attitude variations within a frame
Paper Products 1130 msters " . . .
® Variations in velocity from nominal
. . orbital velocit
Registration Accuracy y
Al Products 340 meters - ‘® Image skew caused by earth rotation
‘ and finite scan times
iNPUTS BULK OUTPUT
PROCESSING
{UNCORRECTED #SS CORRECTED MSS
DATA) IMAGES
QI :E MSS VTR EBR +@+ + +
- & CONTROLLER [~ EBR - @
CONTROLLER 4+ + + +
MSS X,Y,R =1{t)
VIDED : FRAMED TO MATEH RBV
TAPE TIMING & RADIOMETRIC &
CAL DATA GEOMETRIC
CORRECTIONS
z3
COMPUTER EBRIC (FROM PRECISION
' PROCESSING)
L S S—
RADIOMETRIC - - | MIRRORVELOCITY
CALIB. DATA FUNCTION

Q

BULK IMAGE
ANNOTATION TAPE

SATELLITE ATTITUDE & EPHEMERIS DATA VS TIME

Figure F.1-3. Bufk Processing MSS Image Correcticn
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MSS Evrirun revIOVAL
PRECISION IMAGES

® Systematic band-to-band off-sets re-
sulting from finite detector sampling
sequences

® Non-linear mirror scari profile

® Electron Beam Recorder and MSS
mirror scan differentials -

Residual error in this correction process re-
sults from dynamic modeling assumptions and
limitations. Table F.1-6 shows the total, rms,
geometric errors in MSS Buik Output prod-

ucts resulting from all of the contributing

error sources.

Table F.1-6. MSS Bulk Output Product
Residual Errors (rms)

Positional Mapping Accuracy
Film Products 1075 meters
Paper Products 1085 meters
Registration Accuracy
All Products 155 meters

F.1.3.2- Precision Imege Products

Conceptually, Precnsnon Processing is an ex-

‘-tensmn of the correction process discussed in

" Section - F.1:3.1.
- machanism for Precision Processing is totally

However, the correction
different than that fér Bulk Processing. Errors
are determined by measurements of the input
lmagery and compar:son with known quanti-
ties. Once ‘image distortion corrections are
determmed “the input image is scanned by a
CRT scanner in sub-areas of approximately
1/64 the area of the input image. Inverse cor-
rect%ens are ﬁapphedrto the scanning CRT. The
scanning CRT is harglwired to.a printing CRT
wh h‘-pnnts exact 1/64 image sub-areas, thus

cor| mg ihe image: distortions. In the same
pr the;image is enlarged to a scale of
,1:1900.000 in addition, corrections for
image ‘locatign are datermined and corrected

ima:g'f:"e locatlbn tick marks appiied to the
prmf;ed lmage Precision. Processing image cor-
rection flow is shown in Figure F.1-4.

Bulk 70 mm film products are the source of
input imagery for conversion to Precision
Output products. Thus, the output geometric

ENVIAONMENTAL,

ORIENTATION,

EQUIPMENT AND

SCANNING ERRORS  PRINTING ERRORS
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INPUT Y ¥ PROCESSED
IMAGES LATENT IMAGE
» SCAN-PRINT
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1
4 _ APPLY TRANSFGRAM
Y i EVALUATE
RSP RESIUALS
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CORRELATION == —m . prcoy SPATIAL YES, COMPUTE e —— ROUNDOFF
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POINTING AND AND GCPS RESECTION TRANSFORM
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EQUIPMENT AND == — ™ GCP FILE
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Figure F.1-4. Precision Processing Data Flow and Error Sources




fidelity discussed in Sectio.. F.1.3.1 is the
input fidelity for Precision P-ccessing.

An initial step in Precision Processing 'i's the
measurement of distortion ir the input image.
For RBV input images, these resldual dis-
tortions result from:

® Those introduced by the RBV camera
since the la<t calibration and noticom-
pensated in Bulk Processing (see
Section F.1.3.1)

® Those introduced by Bulk Procqssi‘ng

® Those for which no compensatioh was
attempted in Bulk Processing :

® Those where compensation was not
exact.

Similar residual distortions exist in the:input
MSS imagery. Image corrections are geter-
mined for a matrix of 81 points with blhnear
interpolation betweenr points and corre.ctlons
are applied during the scanmng/prlntmg oper-
ation. i

In addition to the measurement of image dis-
tortions, identifiable control points in the
input image are measured relative to known
stored locations of the control points. By
utilizing photogrammetric spatial resection
techniques, the position and attitude of the
spacecraft can be estimated. Utilization of
redundant (i.e., more than necessary) cgntrol
points within an image increases the acéﬁracy
of such estimates to better than those which
are obtainable from spacecraft telemetrS? and
the ephemeris derived from tracking. The re-
sulting increased accuruacy in spacecraft:posi-
tion and attitude increases the positional loca-
tion accuracy of the image. Based on ‘these
estimates, corrected geographic tick marks are
then computed and applied.

Tables F.1-7 and F.1-8 show the total, rms,
geometric fidelity for RBV and MSS Precnsnon
Output Products.

Tab/e F.1- 7 RBYV Precision Output Product

Residual Errors (rms)
 Positional Mapping Accuracy
Film Products 95 meters
" Paper Products 135 meters
Réﬂistfatian Accuracy
. 115 meters

Al roducts

L
o

: 'Ibble F. 1-8 MSS Precision Output Product
Res/dual Errors (rms)

‘Pnsmonal Mlppmg Accumcy

Film Products 235 meters

Paper Products 250 meters
Registration Accuracy

All Products 150 meters

At high spatial frequencies (ie.,

F.2 RADIOMETRY

The radiometric fidelity of the ERTS system
described in this appendix considers the
macro-scale or low spatial frequency effects
primarily caused by non-repetitive variations,
such as short term drifts of dc-reference
levels, bursts of low-frequency noise smudg-
ing due to developer and developing process
local variations—effects that are systematic in
nature and removable by proper calibration
methods. These effects include referencing to
the electronically introduced gray scale lo-
cated on the sides of the electron beam
recorder film images.” The relatively high
frequency noise components are excluded.
These are noise phenomena at spatial frequen-
cies’'equal to the size of a resolution element,
where the SNR ratios are low, i.e., about 5/1
or less.

very small
sampling apertures) the effects of film gran-
ularity are large. Selwyn's Law, shown graph-
ically in Figure F.2-1, holds only for small
apertures and density ratios approaching
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MICRO-SCALE DENSITOMETRY
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Figure F.2-1. Macro Scale Densitometry
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unity, but for illustrative pt rposes it can be
used to show the reason b-rind macro-scale
radiometric analysis and why noise effects at
that level are negligible.

Sampling with small apertures, like 50 um,

produces relative inverse granularity in the

order of 2, thus precluding radiometric evalu-
ation with any degree of certainty. In order to
increase the' ceriainty of radiometric evalua-
tior., the sampling aperture must be increased
(equivalent to increasing the ‘actual area
covered on the ground) to a point where the
relative inverse granularity becomes ' high,
about 50/1 or more. As can be seen from
Figure F.2-1, to obtain such a ratio at a den-
sity level of 1.0, the aperture should be at
least 1 mm in diameter, or, in terms‘of an
equivalent covered area on the ground, it
becomes a minimum of 11 square kilometers.

In practice the University of Purdue uses a
minimum SNR criterion of 30, or about 30
dB in their analyses of digital data. Since the
precise relationship between relative invarse
granularity and SNR has not been defined,
using a ratio of 50/1 or a sampling area of 1
mm diameter is conservative, and analysis
based on it entirely justifiable.

in order to make the results more coherent,
all video signals have been normalized to the
equivalent dynamic density range AD of 2.0,
where 2.0 represents 100 percent. Further,
since most film and process data are publfished
for a density of 1.0, this value was’ used
throughout the calculations. Also, a particular
film/chemistry combination has no impact on
the resulis since experimentation has in-
dicated a similar and uniform behavior be-
tween combinations.

The difference between relative and absolute
radiometry should be noted here. The radi-
ance seen by the payload sensor is a relative
measure of the true spectral signature of the
target. The atmospheric path contributes a
significant amount of spectral radiance
through Rayleigh, Mie, and selective scattering

F=9

processes. This path radiance is directly addi-
tive to scene radiance and since it will not be
sensed separately on ERTS A or B, measure-
ment of the true or absolute radiometric
spectral signatures of scenes will not be
possible. - ' :

'F.2.1 Return Beam Vidicon Camera Radiom-

-atry

The Major error contributors to RBV radio-

_ metry are:

1. RBV camera sﬁbsystem

2. Communications elements
3. Restabilization of the signal
4, Image reéording processes

The overall flow of RBV data from a radio-
metric viewpoint is shown in Figure F.2-2.

F.2.1.1 RBV Subsystem

The most important error sources in the RBV
are residual image effects and shading. Resid-
ual image effects, iliustrated in Figure F.2-3,
are known to exist in all slow scan vidicons.
Careful ‘clean sweep’ (i.e., photoconductor
preparation) will minimize it, but values much -
lower than 5 percent of the peak signa! out-
put amplitude are difficult to obtain.

Shading found in some images produced by
the RBV has been densitometrically traced
with the results shown in Figure F.2-4. Shad-
ing within the camera can be as large as 30 to
60 percent of the total signal (black and white
amplitude) over the full picture frame. Pre-

flight calibration data taken at fixed points

over a 9 by 9 matrix in the camera image will
provide shading correction information. This
data wili be applied during Bulk Processing
and will reduce the shading error to less than
5 percent of AD. The resulting 5 percent is
illustrated by the lower trace in Figure F.2-4.
The corrections will be made by linearly inter-
polating between the calibration data points
of the 9 by 9 matrix.
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RBV SYSTEM FLOW
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RBV RESIDUAL IMAGE & SHADING EFFECTS
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RBV RADIOMETRY
SIGNAL RESTABILIZATION

in addition to the preflight calibration, in-
orbit calibration will be made using lamps
within the RBV. These corrections will also
be applied during Bulk Processing at the same
time as the preflight calibration corrections
are made. A comprehensive description of-the
calibration methods is given in' Appendix G.

F.2.1.2 Communication Equipment

The components contributing to radiometric
degradation in the communication path are
also shown in Figure F.2-2 starting with the
on-board wideband video tape recorder
(WBVTRY) and proceeding through the ground
tape recorder playback stage in the NDPF.
Considered here are such effects as doppler
shift, RF polarization, second detector drift,
level adjustment inaccuracy, and AGC effects
in the receiver. Best estimates nf the degrada-
tions due to this portion of the system are 3

to 5 percent of AD. Most of this degradatlon
is removable on the grnund

F.2. 1 3 Restablllzatmn of Slgnal

Due to various effects, such as dc level shifts in
the .camera electronics and low frequency

noise pick-up from :spacecraft ground loops

which tend to modulate dc signals, the RBV
signal stiffers from ainplitude variations on a
line-to-line basis. These variations consist of
both dc level drift and zero to full scale ampli-
tude: changes. To eliminate these variations,
the RBV signal is reclamped in the NDPF
Video Processor and Sync Separator (VPASS).
This process effectively establishes a new dc
reference (black) level and nullifies nearly all
preceding dc level variations including the 3 to
5 percentlink errors ilustrated in Figure F.2-5.
Resulting radiometric error will be less than
one percent of AD.

VARIABLE

AGC SENSING

DC-CLAMPING & AGC

BEFORE DC—CLAMPING AND AGC

+ DC-CLAMP ERROR

V CONST

AFTER CLAMPING AND ACC

Figure F.2-5. DC Clamping and AGC




Automatic Gain Control (A(.C) in the elec-
tron beam recorder (EBR) .ontrol unit, by
sensing the sync tip to peak white ampiitude,
tends to keep the absolute peak—to—peak value
of the signal constant.

F.2.1.4 RBV Bulk Processed Data

Additional errors are introduced by photo re-
production. Initial photo processing involves
developing the 50-219 film emerging from
the eiectron beam recorder. The output is the
first generation, 70 mm imagery for thé RBV
as shown in Figure F.2-2. The error contribu-
tors are primarily due to the film variations
and developing process and contrlbufe less
than 2 percent of AD. :

The contributors to radiometric perforri‘wance
degradation during photo processing ares

Film and developing processes * 1.0%
Strip printer + 0,50%
Contact printer * O:$:O%
Enlarger + 5%

The RSS iotal of these contributors is also
less than 2 percent.

F.2.1.5 RBV Precision Processed Data

The overall radiometric Iinearity' and dc¢ level
stability in the Precision Processing su bsystem

is determined by:

1. Characteristics of the leveler and ('lideo

photomultiplier tubes of the framing.

stage in the viewer/printer

2. Video processing electronics stability
and linearity

3. Residual optical effects in the optical
portion of precision processing. Auto-
matic correlation is performed in the
viewer/scanner, but since the charac-
teristics of the correlator operation

F=-13

KOV PRECISION FROCESSED DATA

are primarily geometric, they do not
affect the system’s radiometric per-
formance.

, Th:e'ijradiometric effects are:

1 Opttcal Effects—-Cos4 losses and vi-
¢ gnetting. However, due to a cancelling
- effect in the leveler loops, a residual
- . of only t 0.7 percent remains.

2. Photo Multipliers—PM’s are regarded
“-as the most critical components
affecting radiometric performance.
The most important parameters are
quantum efficiency, stability/degrada-
tion, gain linearity and repeatability.
PM's are calibrated every four minutes,
or every half minute if required by
out-of-spec temperature variations in
the opera*ing environment. The cali-
urafl(‘Jﬁ is determined Dy its staomty

and is better than 0.1 percent.

3. Video Processor—The main param-

i eters. are de—level and gain stability

. with respect to temperature. Due to
individual precision temperature com-
pensation the corresponding AD
effect is less than one percent.

F.2.1.5.1 EBRIC

The generation of the radiometric corrections
to be used in Bulk Processing is one of the
functions of the Precision Processing subsys-
tem. This process consists of the following:

. 1. Taking as input uncorrected bulk cali-
-~ bration r'eference images generated in
the Bulk Processing subsystem,

2. Measurement of calibration images to
derive the relationship between the
actual signal from, (1) above, and the

*  corrected, proper value,

3. Gen_eration of Electron Beam Record-
er lmage Correction (EBRIC) data
utilizing calibration reference data

The corrections are subsequently transferred
to the electron beam recorder control and the

ORIGINAL
SEPTEMBER 15, 1971



EBRIC
RBV SPECIAL PROCESSING

original images are corrected by gain’ adjust-

ment of the electron beam recorder sngnal-

durmg Bulk Processing.

The corrections remain valid as long as new
inflight calibrations do not indicate any
change in RBV radiometric- calibration.
Should this occur, however, the new correc-
tions will be derived by forming difference
signals between the old and new calibration
(in-flight) information. Theé. ‘“revised” in-
formation is subsequently applied to the
EBRIC.

F.2.1.6 RBV Special Processing
F.2.1.6.1 Bulk

The RBV recorded video data must be con-
verted from analog to digital form before re-

formatting and conversion to computer com-
patible -tapes- (CCT). There is essentially no
degradation to the data during this process

" and the RBV data recorded on bulk CCT’s

represents the raw data received on tape in
the NDPF It should be nated that no calibra-
tion'is performed on this data at all and it still
contams up to 30 to 60 percent radiometric
errors due to shadmg alone. The user desiring
to c_n;terpret this data must be prepared to
apply -his own corrections; see Figure F.2.6.

F.2.1.6.2 Precision

Precision processed CCT’s are derived from
the precision processor and since the data has
already been. bulk processed, the data is cor-
rected prior to digitizing. The contributed
error: durmg thls digitization process is negligi-
ble; sbe F:uure E2-7.

VIDEO
TAPE
VIDED .
L VTR [ HooTR« | .l wDOT
(}’REESESER CONTROLLER [ ] CONTROLLER RECORDER
l BULK PROCESSING J
BULK
COMPUTER
COMPATIBLE
TAPE
HDDTR* :
HODT cer cor
RECORDER (™) oo ron | ] o [“T|contRolier  [~] mecomoea _-O
l SPECIAL PROCESSING J

*HDDTR = HIGH DENSITY DIGITAL TAPE RECORDER

¥

Figure F.2-6. RBYV and MSS Bulk Computer Compatible Tape Generation

AL




MSS 08 RBVC
BULK 70mm
FILM IMAGE

VIDEQ __’I VIDEO .

. HDOTR

, [ [l _ " HODT
SCANNER PROCESSOR | - Lmsmzea- : CONTROLLER, RECORDER
: RERRL L o
L _PRECISION PROCESSING  — PRECISION
: . COMPUTER
SR COMPATIBLE
, TAPE
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-Figure F.2-7. Precision Digital Image Data

F.2.1.7 RBV Summary

The net effect of all radiometric errors for the
RBYV is given in Table F.2-1. The table shows
the radiometric accuracy for all output prod-
ucts. All error sources in the flow are root-
sum-squared with the exception of the re-

Table F.2-1. Summary of RBV Radiometric"sErrors

RBV Data

Output Product Type (% Density Range)
Bulk Progessed:

Archival Film m{+# 16 6.8

70 MM Positive 70 (4) 3G t715

9.5 In, Positive 9.5 (+) 36 7.5

70 MM Negative 0 (-) AG 1.7
Precision Processed:

9.5 In, Pasitive 9.5 (+) 56 +8.1

9.6 In. Negative 9.5(-) 66 183
CCT Bulk Tapes Digital Magnetic Tape Uncorrected Raw Digital Video
CCT Precision Process Tapes |  Digital Magnetic Taps +7.8

NOTE: 70 (+) 3G = 70 MM, positive transparency, 3rd generation.

F~15

sidual RBV shading after EBR-CTL which is
added directly to the RSS total. The VPASS
removes the 3 to 5 percent link errors, and
EBR-CTL reduces original shading error.

F.2.2 Multispectral Scanner Radiometry

F.2.2.1 Spacecraftand Link Errors Sources

The initial stages of the MSS sensor are analog
in pature. Bands 1, 2, and 3 use dc coupling
while Band 4 utilizes ac coupling with dc re-
clammping. The bulk (1.5 percent) of the
MSS-contributed radiometric error is due to
dc voltage instabilities in the baseband ampli-
fier. The analog signals are applied to an
analog-to-digital converter and finally to a
mu ltiplexer. Temperature variations will cause
quantization errors of 0.8 percent. Total radi-
ometric error out of the MSS sensor amounts
to 1.7 percent of AD.
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MSS RADIOMETRIC ERROR SUMMARY
MSS RESOLUTION

The signal emerges from the MSS in digital
form and is transmitted and handied in this

form up to the digital-to-analog converter in
the NDPF as shown in Figure F.3-1. The error

sources down through the D/A converter can

" be attributed to within-the-line amphtude

NOT REPRODUCIBLE

jitter, clamping inaccuracies, and spurious - -

A/D and D/A conversions lasting over many
resolution cells, but values of these contribut-
ing errors are negligible.

F.2.2.2 MSS Bulk Processed Data

The image recording and reproduction proce-
dures and functions are essentially the same
for both RBV and MSS data. The error
sources and contributed degradations are
identical; they are described in Section
F.2.1.4. The combined effect of all radio-
metric errors for the MSS as seen in the photo
output products is given in Table F.2-2.

Table F.2-2. Summary of MSS Radiometric Erréis

) MSS Data *
Output Product Type {% Density Range)
(Typicat)

Bulk Processed: . ’

Archival Film 70 (+) 1G +24

70 MM Positive 70 (+) 36 +28

8.5 In. Positive 9.5 (+) 3G +29

70 MM Negative 70(-) 4G £3.1
Pregision Processed:

9.5 1. Positive 9.5 (+) 5G +35

9.5 In. Negative 9.5 (-) 66 +36
CCT Bulk Tapes Digital Magnetic Tape £1.7
CCT Precision Pracess Tapes | Digital Magnetic Tape £31

Note: 70 (+) 3G = 70 MM, positive transparency, 3rd generation.

F.2.2.3 MSS Precision Processed Data

The precision processing function is also com-
mon to the RBV and MSS data. The errors
sources and contributed degradations are
identical and are described in Section F.2.1.5.
F.2.2.4 NSS Special Processing

F.2.2.4.1 Bulk

The MSS signal on the video tape received in
the NDPF is already in digital form. The re-

AL

recordmg process to generate bulk .CCT's
involves merely a reformattmg and contrib-
utes. ‘_,esse_ntlva:lly no ‘degradation in terms of
radiometry; see Figure F.2-6. '

F;2;214.'2' Pr_‘ec'ision

Precision CCT's are derived from the precision
processor WhICh in itself contributes less than
0.1 percent degradat:on see Figure F.2-6. The
total radiometric degradation in the MSS out-
put 'QCT'S is given in Tabie F.2-2.

F3 RESOLUTION

MSS Rosolutuon

T_he'u‘.MSS ser;sor mstantaneous field of view

-(lF_y /) 150 386 milfiradians. corresponding to
79 theters a r‘neasured on ihe ground. Due to
the! egraﬂng effects of the fiber optics in
the MISS, resolution.is limited to the IFOV

dlmensmn ﬁesolutlon, as used in this nand-
book, refers to the: -ability of an observer to
recbgmze adjacent fields of a certain width
(e. g. 80 meters). It is possible that the ex-
istence of boundaries between radiance fields
as small as 1/2 IFOV can be sensed in certain
scenes, however, this is not the same as recog-
nizing the actual field dimension.

Scene radiance, as measured from nominal
ERTS altitude, serves as the input to the MSS
sensor. Since the radiance is measured
throtigh the atmosphere, it is a relative mea-
1+ the dctual radiance on the ground.
e, F.3-1: hs‘ts some apparent.radiance levels
for Vanous observab!es as viewed by the
sensor This _data is representative of the radi-
ance levels to be sensed by the various bands
of the MSS.

The scene radiance is sensed in the MSS,
transformed to a video signal and immediately
converted to a digital bit stream. It remains in
digital form throughout transmission to the
ground and until it reaches the digital to
analog (D/A). converter in the Bulk Processing
subsystem. Figure F.3-1 outlines the flow of
MSS data from ground scene input, through
the spacecraft sensor, widéband telemetry,
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MSS RESOLUTION

Table F.3-1. Apparent Radiance Levels of Some
Observables for 60° Zenith Angle at Sensor Input

Observable Band -
1 2 3 4
Wheat a2 | 22 320 | 810
B’aﬂey; Mildewed | .385 | .355 456 1.011
Oats 280 | .192 | 285 | 825
Pine 345 | 292 | .a80 | 1.410
Sycamore 355 { .400 | .690 | 1.590
Dry Loam 584 | .592 | .532 | 1.221
Gneiss 612 | 570 | .468 | .933
Water 327 | 195 { 105 | .165
Snow 1.590 |1.312 [1.110 | .780

Photographic subsystems. A comparison of
the MSS MTF (at output of the sensor) with
the MTF up.to the 9.5 inch, positive, third
generation transparency is shown in Figure
F.3-2.

RELATIVE RESPONSE
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Bulk Processing, Precision Processing, Photo-
graphic Production Processing to image out-
puts to the investigators.

Once the data is digitized in the sensor, there
will be no degradation to resolution until it
reaches the D/A converter where it is recon-
verted to an analog video signal. From this
point on, the various equipments in the Bulk,
Precision and photo processes all contribute
some degradation to the resolution quality of
the MSS data. The significant contributors in
the Bulk Processing subsystem are the D/A
converter, EBR beam, control electronics, and
the film. In the Photo Processing subsystem,
the film, developer, printers and eniargers are
the major contributors.

Every piece of equipment or process can be
represented by its modulation transfer func-
tion (MTF). Each Bulk Processed output
image will have been operated on by the MSS,
Bulk Processing, and Photo Processing sub-
systems and can be represented by the com-
bined transfer functions for MSS, BPS, and

Figure F.3.-2. Moaulation Transfcr Sunctions —
Sensor and Butk Output, Third Generation

In the Precision Processing subsystem, the
scanning and printing CRT’s, their optics, the
vide¢ processor, and the film each contribute
somé additiohal degradation to the resolution
of the video:data. The various photo process-
ing steps also contribute degradation. Figure
F.3-3 shows the original MSS output MTF
with- the MTE for the 9.5 (+P) 5th Generation
output of the system. This figure is repre-
sentative of the “worst"” degradation through
the system. '

RELATIVE RESPORSE

BAR WIDTH (METERS)

Figure F.3-3. Modulation Transfer Functions —
Sensor and Bulk Output, Fifth Generation




Resolution is defined by ‘hat value of signal-

_to-noise ratio which just yermits recognition
of a tri-bar pattern by a human observer. This
criterion was developed by Otto Schade
through experiments which yielded 4.0:1 as
the SNR threshold. The functional relation-
ships for determining SNR output of the MSS
detectors are as follows:

PMT (Bands 1-3)

] ’

Np - Nj

SNR = - '1/2-XMTFXKI1
(N»)

Photodiode (Band 4)

SNR = (Ny -Nj) x MTF x Ky

Where
N’ = apparent radiance in optical pass-
band of bars in test pattern as
seen from space,mw/cm2 —sr
MTF = system modulation transfer“‘func-
tion
Kn = unique constant for each spectral

band, n

Note that the SNR is directly dependent on
the input radiance, hence the resolution is
directly dependent on the scene itself.

The resolution characteristics for the four
spectral bands of the MSS have been plotted
in Figures F.3-4 through F.3-7. The curves
show performance at two different points in
the system: <

1. MSS outputi-representing the resolu-
tion performance of the sensor itself,
or, the performance of the system
were there no degradations due to
ground processing. Resolution cannot
be better than this

2.9.5 (+P) 5G—represents the most de-

graded output that is sent to investi-
gators. Al other imagery will have
better resolution. :

F-19
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To interpret the results for any two observ:
ables, the scene radiances are selected from
Table F.3-1 corresponding to the observables
in question. The smaller of the two radiances
is subtracted from thé larger and the resulting
vaiue entered. on the ordinate of the graph.
The larger of the two radiances is plotted on
the abscissa.- The boundary line directly below
the resulting point represents the recognizable
bar width for those scene characteristics.

For example, in Band 1, wheat versus mil-
dewed barley will have Ny = 0.322 (wheat),
N5 = 0.385 (mildewed barley) and (N3
—N1) = 0.063. Plotting 0.063 on the ordinate
and 0.385 on the abscissa of Figure F.3-4
yields a resoiution limit for this scene of:

1. 100 meters at the MSS output

2. slightly less than 300 meters on a 9.5
(+P) 5G image

This means that a human observer, hypo-
thetically placed at the MSS output, could
recognize adjacent fields of wheat and mil-
dewed barley if they each exceeded 100
meters in width. If he were viewing a 9.5 (+5)
5G image, he could recognize the same fields
if they exceeded 300 meters in width.

The investigator can use the curves of Figures
F.3-4 through F.3-7 to determine the MSS
system resolution for any pair of observables
using Table F.3-1 or his own input values.

The Special Processing subsystem takes dig-
itized MSS video data from the NDPF
WBVTR and converts it to computer com-
patible tapes for distribution to investigators.
Since this is strictly a reformatting process
and does not involve any digital-to-analog
conversion, no degradation to resolution re-
sults, and the resolution will be essentially the
same as at the MSS output. Any photographic
reproduction which is subsequently done by
the investigator will have an effect on resolu-

‘tion commensurate with the MTF's of the

equipment used.

Combuter compatible tapes (CCT) generated
by the Precision Processing subsystem will
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MSS RESOLUTION
RBY RESOLUTION
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Figure F.3-5. MSS System Resolution — Band 2

have a resolution only slightly better than
that of the Precision Processing imagery out-
puts. This is because the data on the precision
CCT’s has already passed thiough the Bulk
photo and part of the Precision Processing
equipment and has been degraded by these
equipments. :

TINAL

beda]

.i" ———

| et AT MO8 GUTPNT
——— AL

" owen? -sm) ) )

" L L1 J
L] B ] 15 MAX wo
ny " wwe e
Figure F.3-6. MSS Systern Resoiutiun — Band 3
e p—
e AT MBS QUTHIT
- ORRS (0P 6Q
3
! A METERS
. .
i — ]
" 1 a _

uy " e osmy

Figure F.3-7. MSS System Resolution — Band 4

F.3.2 RBV Resolution

Scene radiance and contrast, as measured
from the nominal ERTS altitude, serve as
input to the RBV sensor. Since these param-

eters are measured through the atmosphere,
they  are a relative measure of the actual



parameters on the ground. ~able F.3-2 lists

some apparent contrast and r -ciance levels for

various combinations ot observables as viewed
by the sensor. This data is representative of
the scene characteristics to be viewed by the
RBV.

Table F.3-2. Resolution Analysis
Typical Scene Characteristics

¥
BAND T 2 3

Wavelongth Interval (uM) | 475575 580630  .600 - .830
Average Plant vs. Dry Loam _

Ground Contrast 2.18:1 3721 1.50:1

Space Contrast 1.5 :1 20 :1 131

Mean Radiance 485 LX) 825

mw/cm? ~sr :

Average Plant vs. Water

Ground Contrast T 13249 1.79:1 19.9:1

Space Contrast 1.1 :1 1.2 1 34:1

Mean Radiance .366 .255 354
Average Plant vs. Wet Loam

Ground Contrast 1.16:1 1.79:1 1.68:1

Space Contrast 1.0 13 11 14 1

Mean Radiance 382 314 AT6
+0 Plant vs. Average Plant

Ground Contrast 1471 157:1 14 1

Space Contract 12 1 1.2 4 14 %

Mean Radiance 425 306 853
Averags Plant vs. — o Plant

Ground Contrast 1.90:1 2.29:1 1.57:1

Space Contrast 1.2 11 14 1 15 1

Mean Radiance 357 .238 A48

The scene characteristics are sensed by the
RBV cameras, and converted to an analog
video signal (Figure F.3-8). The video, in.
analog form, passes through the camera con-
troller and combiner, spacecraft WBVTR,
wideband telemetry system, receiving site
electronics, and is recorded on a receiving site
video tape recorder (VTR). The tapes are then
transported to the NDP for processing.

At the NDPF, the data is played back on a
VTR, fed through the electron beam recorder

(EBR) control unit and written on 70 mm

film by the EBR. The latent image is devel-
oped, printed and possibly enlarged depend-
ing on the path taken through the Photo-

o

graphic subsystem. . ) e

F-21

| Each component

RBY REDAULU I By mivae i 91D

. in_ the video path con-
tributes some degradation to the signai-to-
noise ratio of the video and hence the resolu-

+- tion of the RBV imagery. The degradation is a
. function of the modulation transfer functions
. (MTF) of the_ individual components. The
" only exceptlon is the. video. processor and

sync - separator (VPASS), a major piece of

. equiprent both at the receiving site and at

the NDPF. It has a very wide frequency

response, —1dB at 8 MHz, and contributes
essentnally no degradatlon to the signal.

" The output signal-tofnoise ratio of the RBV
" is determined using the following equation:

N Fa ()
fFa (f)

() o

The full scale signai-to-noise ratio of the RBV
(SNRFg) is read from Figure F.3-9 given the
full scale exposure value (Exgs) for each
channel. For a given exposure time (t5) and

RA(F) = Va1

SNRfs

- using the effective f-number of the lens (T)

then the following equation is used with mean
radiance (N') of the scene in each channel
to determine the mean.exposure of the scene
at the vidicon faceplate:

£ TNt ioul 5
= m ule .
X 272 icrojoules/cm

The slope (y) of the light transfer char-
acteristic for the camera is 0.9.

The input scene modulation is calculated
from the space contrast ratio (C,) of the
scene at the vidicon faceplate using:

m = CQ -1
0 Cotl
where
Nz'
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RBV SYSTEM FLOW _ _ : . )

— ~RIRECT TRANSMISHIQN.
" '- '

|
PAYLOAD SENSOR I ” {
. LENs ' . §IC . . S
GROUND : WIDEBAND . $/C WIDEBAND
STENE e  wviDicow I VIDED ¥ TELEMETRY
®  AMPLIFIER - RECORDER SURSYSTEM
®  CAMERA CONTROLLER - '
& COMBINER
VIDED TAPES
TO NOPF BULK PROCESSING
RECEIVING SITE SUBSYSTEM
®  MSFN EQUIPMENT ®  WBVTR&CTL
®  PAYLOAD RSE ® ' EBRACTL
& WBVIR ® Ffitm
®  VPASS
——l DEVELOPER }—-‘ ’ . s
700415 :
—
00116 EMLARGER 9.5(-J25 STRIP 8.5(+)3
(1 NLARGE () PANTER ‘ ()36
DEVELOPER & PAPER
STAIP .
PRINTER 95136 :
> & FILM/ ; —
DEVELOPER
CONTACT STAIP STRIP
704116 PRINTER 70(-126 PRINTER 70(+}3G PRINTER 70(~146
& FILW & FILW/ : & FILW/ f—
DEVELOPER DEVELOPER DEVELOPER
PRECISION
PROCESSING
SUBSYSTEM
9.5(-)45 STRIP 9.5{+156
L ]
SCANNER DEVELOPER PRINTER
® PRINTER & PAPER
® VIDES
PROCESSOR
® FiLM
STRIP STRIP
PRINTER PRINTER 9.5(-)8G
& FILW & FILR/ 1
DEVELOPER DEVELOPER
25456

Figure F.3-8. RBV System Flow
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Figure F.3-9. Spectral Signal-to-Noise Character)'stic
(Typical)

The video amplifier is assumed to be ideal
with a 3.3 MHz bandwidth so that Fa (f) = f
and Fp () = 2440. f, is the Nyquist fre-
quency of the raster in cycles/line. The units
for spatial frequency (f) will be cycles/line as
defined below:

{cycles/millimeter) x (width
of scanned format in milli-
meters)
= (video frequency (MHz) x
(active scan time (microsec-
onds)).

cycles/line

The conversion of resolved spatial frequency
to meters on the ground is accomplished
through:

W o h
Re =2 XF

where W is the width of the scanned for-
mat, h is the spacecraft altitude and F is the
focal length of the RBV lens.

The average square wave response rR of the
RBV is determined from the modulation
transfer function (MTF) of the lens, vidicon
and amplifier by: ;

Y U 4ty s ] D

= o 230 T5)

- where

TR = Trev{f) TLENS() TAmP(T) -

Figures F.3-10 and F.3-11 show the resolu-

. tion expected if a human observer were

placed at the RBV output. This is a hypo-
thetical point representing no additional de-
gradations due to rest of the system, i.e.,
resolution can be no better than this. The
curves were generated by applying Schade’s
criterion, which is that threshold value (4:1)
on SNR which just permits target recognition.
Figures F.3-12 and F.3-13 show tihe resolu-
tion at the most degraded output-a 9.5 (+)
5G paper print after Precision Processing.
Calculations were performed using a 12 milli-
second exposure time. The effect of using
another exposure time, t5, would be to modi-
fy the ordinates (mean radiance) of Figures
F.3-10 through F.3-13 by a factor of 12/t..

—— BANDS 142

——— BAND)
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SPACE CONYRAST
P P/ -
5 !
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£ i /
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_ o IES_GI.VED S_FAT:AI. FREQUENCY {CYCLES/LINE}
T T ) 1 1
m» 0 ns | " w1
|
GROUND RESSLUTION (METERS/RESOLVED ELEMENT)
Figure F.3-10. RBV System Resolving Power —
RBV Output Cross-track
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RBV RESOLUTION ANALYSIS
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Figure F.3-12. RBV Systemn Resolving Power —
9.5 (+P) 5G Precision Cross-track
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Figure F.3-13. RBYV Systetn Resolving Power —
9.5 (+P) &G Precision Along-Track

In order to effectively use the curves, they
must be related to a particular ground scene.
Table F.3-2 presents characteristics for a num-
ber of typical ERTS scenes. The values of
radiance are predicated upon a sun angle
(refer to Appendix J) of 30 degrees, which
represents the worst case for the continental
United States. Lower sun angles result in
some resolution degradation due to poorer
illumination conditions.

As an exampie, the average plant vs. water has
a mean radiance of 0.366 mW/cm2 —sr and a
space contrast of 1.1:1, as shown in Table
F.3-2. On Figure F.3.2-10, the cross-track
resolution at the RBV output can be read as
78.9 meters/resolved element. By comparison,
the resoiution of a 9.5 (+P) 5G image will be
130.5 meters for the same scene, as shown in
Figure F.3-12. Note that using a fifth genera-
tion image is an extreme example. However,
by showing curves at RBV output (best



possible resolution) and on 9.5 (+P) 5G
(worst expected resolutior;) the performance
of the system has been effectively bounded.

Along-track resolution cen be determined
using Figures F.3-11 and F.3-13, which were
also calculated with an exposure time of 12
milliseconds. Comparison with Figures F.3-10

and F.3-12 indicates slightly worse resolution,

which is due to smear. The effect of smalier
exposure times, by reducing smear, is to cause
along-track resolution to approach the cross-
track values. Larger exposure times, however,
increase smear and further degrades along-
track resolution. As an example, for a 16
millisecond exposure time (maximum for

F-25/26

T

.these computer

RBV RESOLUTION ANALYSIS

ERTS A), cross-’;rack resolution at the RBV
output is 71.4 meters while along-track is

" 93.3 meters.

" The Special Processing subsystem takes dig-

itized video data from the Bulk Processing

“subsystem and converts it to computer com-

patible tapes for distribution to investigators.

~ Perfect image generation by the investigator
. results in resolution slightly worse than at the

RBV output. With Precision Processed video
data, the resolution of images generated from
compatible tapes (CCT)
would be that of the Precision Processed sub-

- system output; i.e., slightly better than the

resolution on 9.5 (+P) 5G.
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_APPENDIX 73
CALIBRATION

The ERTS Image Processing Subsystems
generate and apply rad:omeztric and geometric
corrections to the sensor data during the
initial process of converting received video
tapes into film images. These operations

require appropriate . radiometric calibration

data for the RBV cameras and the MSS.

Two types of calibration data are employed
for the RBV: (1) radiance maps obtained viaa
uniform calibrated source, such as a Hovis
sphere, and (2) internal callbratlon (er%ase)

lamp radiance maps. From the uniform. cali~’

brated source radiance maps, the Iight traﬁsfer
characteristics (LTC) and radiance’ correcpon
maps for each camera are derived.’ The LTC
defines the calibrated relatlonshlp betWeen
the RBV signal voltage and input (scqne)

irradiance. o

"

The radiance correction maps provide ‘the
two-dimensional functions to linearize f’;the
spatially-variable signal and black-level charac-
teristics of a given camera to its LTC. The
calibration-lamp maps for each camera pro-
vide the two-dimensional calibration func-
tions to relate the in-flight calibration images
of a given camera to its LTC.

in addition geometric calibration determines
the two-dimensional projective geometry of
each camera, the axial alignment of the three
cameras to each other, and the alignmen‘f of
the camera system to the axes of the space-
craft. i

For the MSS, three types of calibration data
are employed: (1) calibration of the scanner
via the Hovis integrating sphere, (2) calibra-
tion of the scanner via a calibrated collimator,
and (3) the calibration wedge of the collima-
tor itself. From the integrating sphere the
response characteristics of the individual de-
tectors are obtained. Each detector is adjusted
so that maximum radiance corresponds tofull
voltage. Utilizing the scanner as the transfer
function, the collimator is calibrated to'the
integrating sphere. The calibration wedge radi-
ance versus voltage and radiance versus word-

: count response are then derwed by correlatmg
© . the c_allbrated co’_hmator response at various
.- radiance levels to the calibration wedge out-
put.. The calibration wedge supplies the cali-
:bratlon function to provide conversion be-
tween:input radiance and output voltage.

G:1 - RETURN BEAM VIDICON (RBV)
'G.1.1 Calibration Methods
6.1.1.1 Radiometric Calibration

= - Radiometric calibration is based on measuring

and ra;ordmg RBV output signal versus posi-

thl"l in the two-dimensional RBV image for-

r a number of known input radiance

ol Which span (1) the spectral band, and

T (2) tha range of scena radiance for which each
camerg is designed.

Two types of RBV' radiometric calibration
. data are utmzed for the purpose of calibra-
s tion:|

1. Initial calibration data, describing
the complete (spatial, spectral, volt-
age level) response of each camera to
known, through-the-lens exposures,
which is obtained prior to flight.
This - consists of uniform calibrated
source radiance mapping, calibration-
lamp radiance mapping, and test
data.

2. Inflight calibration images, indicating
"+ the response.of each camera to fixed
1+ and precalibrated on-board exposure
sources, which are obtainable upon

‘" "ground command.

Initial calibration consists of a radiance
mapping utilizing: (1) a uniform calibrated
source and (2) the calibration (erase) lamps of
the RBV's. Through the calibrated source
mapping, radiance corrections are derived for
the scene and are applied to “‘correct” the
calibration-lamp maps. The corrected calibra-
tion-lamp maps are then used as the standard

.- to which all future LTC and spatially variant

. corrections are based. RBV radiometric cali-
bration. is illustrated in Figure G.1-1.
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CALIBRATION FLOW DIAGRAM
RADIANCE MAPPING :
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Figure G.1-1. Return Beamn V/d/con Callbratlan

G.1.1.2 Uniform Calibrated Source Radiance Mapping

This mapping is performed utilizing a
Spectra-Prilchard Photometer *‘light-box"’
with a 0.25-degree field of view which has
been calibrated against a Hovis sphere. The
useful diameter of the photometer is 5 inches
and is uniform about an average intensity of
2147 foot-Lamberts, to - within limits of
+2.9 percent and -3.1 percent. The mapping is
performed at two radiance levels for each
camera:

Camera 1 — full black and 0.85
mW/cmZ-sr at 12 ms exposure

Cémer‘a 2 — full black and 0.85
mW/cmz-sr at 12 ms exposure

Camera 3 — full black and 1.36
mW/cm2-sr at 12 ms exposure

utilizing the appropriate neutral density fllters
with the calibrated source.

For each of the two radiance levels, the
mapping is obtained by utilizing a radiance
calibration computer program which provides
a map of the video cuiput on an 18 x 18
matrix (324 points) based on the reseau
spacing. To smooth out the noise and elimi-
nate spurious readings, each value presented is
the average of data taken on 64 sequential
lines. The ‘individual samples are integrated
for.10 seconds along the horizontal direction;
thys the program collects 18 x 18 x 64 =
20,736 individual samples.

The sample points are uniformly spaced over
the active raster according to the scheme
presented in Table G.1-1. Size and centering
corrections are made to correct for raster
distortion by comparing the known positions
of the reseau, as measured through the lens by
the United States Geological Survey, with the
position of the reseau determined by the same




|
#
|
!

cdnfigurational test equiprr :nt used for the

mapping. This correction >-ovides a linear

stretch in the vertical or horizontal directions
and a shift of the entire set of sample paints.

In addition, gain and offset ‘ralues are applied
to the measured values for the radiance
mapping, in order to correct the raw data
input for minor variations to the alignment

and calibration of the cnrcuntry in the fest

set-up.

Onca the data is obtained on the 18 x 18
matrix it is transformed to a 9 x:9 matrlx
which is based on 1/8 subdivision of fhe
nominal image format dimensions. F|gure
G.1-2 shows the relationship of the 18 x"18
points presented in Table G.1-1 to the 9 x 9
matrix of points.

The 9 x 9 correction-breakpoint matrix does
not coincide with the radiance mapping data
matrix. Therefore, radiance data values corre-
sponding to the breakpoints located within
the 18 x 18 radiance data array are computed
by interpolation within the four nearest data
points; radiance data values corresponding:to

each breakpoint located at the edges of the -

image format are computed by extrapolation
from the four nearest breakpoints.

SAMPLE PUINTS rur 1ESTS

The equatlons for the reformatting trans-
formation are presented below and are refer-
enced to Figures G.1-3 through G.1-6 in-

cluswe

_ Interpolatlon

?§ = (x'xl) /(Xu+1 xi)

: -:-"*b = (yéyi)/ (yj+1 -Yj)

v,(y = (1-b) [(1-a)v, it a Vin)

[(1'3) Vij+l * aV,+1 J+1]
ser-Point Extrapolation
Vx'y(c) = (1+b)[(1+a) Vg'g -a VB'Q]

b [ (1+a) vg_g -a Vgg ]
Edge-Point Extrapolation

Vyy(RL) = (1-b) [(1+a) Vgj * a‘_’&i]

+h [ (1""3) V9J+1 + an,j+1]

Table G.1-1. Sample Points for Tests (18 x 18 Matrix)

Vertical Harizontal
Line Number ar Sample Line Time at Element Number at
" Start of Sample Number Start of Sample . Start of Sample

92 K 17.7 s 110
320 2 574 358
548 3 971 606
776 4. 136.8 854
1004 5 - 176.5 1102
1232 6 216.2 1350
1460 7 2559 1598
1688 8 295.6 1846
1916 9. 3353 2094
2144 10 3750 2342
2372 11 414.7 2590
2600 12 4544 2838
2828 13 ‘4941 3086
3086 14 533.8 3334
3284 15 573.5 3582
3512 16 - 613.2 3830
3740 17 6529 4078
3968 18 68256 4326

ORIGINAL
SEPTEMBER 15, 1971



MATRIX RELATIONSHIP
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Figure G.1-3. Interpolation
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" RADIANCE MAPPING

- SHADING EFFECTS

From this reformatted data, the radiometric
-transfer characteristics of each camera can be  :
“mapped” as a two-dimensional function of

image position.

The tho-dim_e’nsionaI exposure-response -
characteristics of a typical RBV camera is ¢

shown in Figure G.1-7. The upper figure
represents a uniform 100 percent input radi-
ance level which (for a given shutter- time)
produces a full-scale RBV output signal,
indicated by the lower figure. The map of the
RBV voltage signal corresponding to the 100
percent input exposure level is indicated by

the upper surface; the lower surface is a map
of the RBV voltage signal V,, corresponding

to zero input exposure.

The variation in voltage response over the
phoicconductor is called “shading”. Such
shading effects are inherent in RBV opera-
tion. They are associated {mainly) with spatial

LA

INPUT (EXPOSURE}

OUTPUT (VOLTAGE)

V\

differences in the sensitivity of the photocon-
ductor, and off-axis variation in the efficiency
of Qhotoco,nductor' charge fpreparation as well
as other effects much more complicated in

‘their nature. The shading effects of a given
vidicon tube tend to be stationary, i.e., they

are a fixed characteristic of that tube and its
corifiguration, and thus are ameanable to
correction by post-acquisition processing of
the :RBV signal. The radiance mapping data is
therefore used to derive the correction func-
tioris that are applied to remove the shading
effects. '

A f i — —— —7 REFERENCE WHITE

- 04
REFERENCE BLACK

SIGNAL VOLTAGE

! L
1 1.0
NORMALIZED RABIANCE INPUT R/R,,

Ry = MAXSPECIFIED RADIANCE
R = INPUT RADIANCE

Figure G.1-7. RBYV Exposure-Response
Characteristics

Figure G.1-8. Calibrated Light Transfer
Characteristics — Image Center

A calibrated LTC, as shown in Figure G.1-8, is
then defined as the relationship of the output

~ signal at the image center to the known range

¢ input radidance. The radiance map is used to
define the ratio of camera response at all
other points relative to the image center
calibrated LTC as shown in Figure G.1-9.
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Figure G. 1-9. Derlvation of Light Transfer Charactaristics

G.1.1.3 Calibration Lamp Radiance Mapping

This mapping, using the RBV calibration
lamps, is performed before and after -the
calibrated source radiance mapping. Three
fixed radiance levels are utilized; 0%, 30% and
80% of the foliowing levels for each camera:

Camera 1—0.85 mW/cmz-sr at 12 ms
exposure

Camera 2 —0.85 mW/cm -sr at 12 ms
exposure

2 L
Camera 3 —1.36 mW/cm -sr at 12 ms
exposure

The mapping is performed utilizing the pre-
viously mentioned radiance calibration pro-
gram over the 18 x 18 matrix of points and
then transformed to the 9 x 9 matrix of
points. :

Radiance corrections for the scene, derived
via the calibrated source mapping, are applied
to this data. The “‘corrected” calibration-lamp
maps serve as the standard against which: the
relative degradation will be measured.

G.1.1.4 Test Data

Radiometric mapping is performed during
testing of the RBV, and consists of a mapping
using the calibration lamps. The radiance
calibration program and procedures previous-
ly described are utilized.

The calibration lamp maps are compared with
those previously obtained during initial cali-
bration, i.e., compared with the baseline/
standard. This provides the relative degrada-
tion (if any) for each camera. The correction
coefficients obtained from the final test data
are Used as the mltlal corrections for flight
data.

6.1.1:5 In-Flight Calibration

in-flight calibrations are performed periodi-
cally throughout the mission. In-flight calibra-
tion consists of again using the calibration
(erase) lamps as described in Appendix A. The
calibration imagery for each of the three
radiance levels (0, 30, and 80%) is analyzed in
the Precision Subsystem of the NASA Data
Processing Facility.
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IN-FLIGHT CALIBRATION

NDPF CALIBRATION PROCESSING (RBV)

During the orbital operation, the in-flight
radiometric images are read out and trans-

mitted in the same manner as normal-scene.
RBV images. Owing to the stability of the -

erase lamp exposures, differences between
in-flight radiometric images and the initial
calibration data are indicative of electronic
changes occurring in the camera, which would
“be applicable to scene imadges produced by
that camera as well. '

Typical characteristics of the erase-lamp cali-
bration exposures are shown in Figure G.1-10.
The upper figure shows the "actual” irra-
diance distribution of the erase lamps on the
photoconductor. The resulting exposures are
not spatially uniform (due to the location of
the four erase lamps). But the levels and
distribution of exposure are spatially and
temporally invariant. The lower figure indi-
cates the resulting two-dimensional voltage
response to the erdse-lamp exposure. The
zero-level in-flight calibration images are thus
used to detect changes in the black-level
voltage response and/or (less likely) changes
in the black-level shading function of each

camera. Thetwo finite-levelresponse functions -

indicate the response of the camera to the
in-flight calibration exposures, modified by
the camera signal shading characteristics. The
high-level exposure is used to determine the
response to a radiant input near the maximum
design limit of the camera. Because of the
radial increase in erase-lamp radiance, the
high-level exposure signal will be saturated at
the outer edges of the image, so it is not used
for shading evaluation. The intermediate-level
erase-lamp exposure signal however witl not
be saturated, and will be used for evaluating
the spatial stability of the shading. Subse-
quent finite-level in-flight exposures can thus
be compared with the black level expodsure
and initial calibrated response to detect
changes in the gain of the video system,
and/or discriminate between gain and black-
level changes, and/or to detect any change in
spatial shading characteristics.

G.1.2 NDPF Calibration Processing

RBV radiometric calibration data is used in

“ap

INPUT

ERASE-LAMP
EXPOSUAES
ON PHDTOCONDUCTOR

~M%

QUTPUT

ERASE:| AMF.
EXPOSURE
VOLTAGES

Figure G.1-10. RBV Erase-Lamp Fxposures and
Response Characteristics

the NASA Data Processing Facility (NDPF)
for two purposes:

1. To derive correction functions for
removing stationary RBV shading
errors from all RBV images during
bulk image processing (initial correc-
tions).

2. To update bulk-processing correction
functions as required to compensate
for major changes or long-term varia-
tions in sensor response, and to
compensate for short-term sensor
response variations, if required, in
precision RBV image processing (up-
dating corrections).

The flow' of RBV calibration and correction
data to implement these operations is dia-
grammed in Figure G.1-11.

Easic to the use of the RBV radiance-mapping
data, originating in the lower biock of Figure
G.1-11, is a reformatting operation. As pre-
viously described this operation reduces and
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NDPF GALIBRATION PROCESSING

SHADING CORRECTION
transforms the arrays of RBV radiance cali-
bration-data into a spatial format compatible
with the methods by which the processing
corrections are applied.

From the light-box calibration data input, the
bulk shading corrections required for each
RBV camera are derived prior to spacecraft
launch. These corrections comprise arrays of
digital coefficients, which are output to the
Bulk Processing Subsystem via the Electron
Beam Recorder Image Correction (EBRIC)
tape, as shown. The initial set of corrections
are also premanently stored for reference in
Precision Processing.

To the erase-lamp calibration data input, the
Precision Processing subsystem applies the
initial EBRIC radiance correction functions,
and a gray-scale calibration (i.e., the input
signal-voltage-to-film-transmission characteris-
tics) of the Bulk Processing Electron Beam
Recorder. The results of this computation are
arrays of data signifying the fi'm-transmission
distribution of the in-flight radiometric cali-
bration images. Since this data is derived (a)
from the erase-lamp calibration data, (b) from
shading correction functions derived from the
RBV input-radiance calibration data, and (c)
from the calibrated EBR transfer characteris-
tics, the computed obtained data is presumed
to present the reference calibration of the
bulk-processed radiometric images produced
from the three known erase-lamp exposures.
These data are stored in the Precision Pro-
cessor memory, for comparison against sub-
sequent measurements of in-flight RBV erase-
lamp images obtained periodically during the
ERTS orbital operation.

The basic processes involved for the removal
of stationary RBV shading errors are de-
scribed in the following paragraphs.

G6.1.2.1 Shading Correction

Due to the presence of shading effects, the -

voltage response to the same range of input
radiance at some point off-axis in the RBV
may be different from the on-axis response.
The shading characteristics of a given camera

are defin'e'.d quantitatively from the voltage
difference labelled A, By, and C. on Figure
G.1-12. _

From calibration measurements of the black-
level shading effect, a level-correction voltage
), equal to the two-dimensional variation

(Ly
of tKé black-level voltage VB(0,0) - VB(xy)

Lxy = VB(0,0) ~ VB(xy) *

is derived and stored for each camera.

To correct for the off-axis variation of the
video signal range (Axy) , a two-dimensional
gain correct function Gyy is also derived and
stored for each camera, where the magnitude
of the gain correction is inversely propor-
tional to the signal shading characteristic:

Ao
S~ A A
o xy)

During signal recording, the level correction
voltage is added to the unconnected input
signal V’ thus resulting.in the level-corrected

VOLTS

¥ Vigg xv}

VD (xy)

PR AN

. l
r= |
x o

A = ON-AXISSIGNAL RANGE (MAXIMUM)
8y, = BLACK LEVEL VOLTAGE VARIATION (MAXIMUM)
€ = OFF-AXIS SIGNAL RANGE (MINIMUM)

BLACK LEVEL SHADING = :_'“
o
A -C

SIGNAL SHADINSG = A

Figure G.1-12. RBV Shading Parameters



signal which is then multiplied by the gain
correction to form th: radiometrically-
corrected output signal V*.

VO (VL) Gy

This is the basic equation describing the
shading-correction operation performed by
the EBRIC circuitry. In the actual case, the
on-axis black reference voltage -may be non-
zero so'a simuitaneous solution is performed
fce the two correction terms.

Also due to shading, the on-axis 100 percent
video level will tend to be at some signal value
fess than the white reference level. Therefore
the Gxy term may inciude a constant compo-
nent to expand the on-axis video range to the
white reference level and occupy the full
dynamic range of the fiim.

6.1.2.2 Derivation of Shading Corrections

The RBV radiometric correction functions are
derived from the light-box response data and
internal processing relationships.

G.1.2.2.1 Input Data

Light-box radiance mapping data per camera
for R = 0%, 30%, and 80% input exposure:

Vi1,0ij V1,30 V1,80,
Vo,0ii V230, V280,
V3,0,ij V3,30ij V3,80,

6.1.2.2.2 Reformatting

The above radiance-map data is reformatted
from the i,j data point array to the x,y

breakpoint array. Letting the subscript n =
camera number (n = 1,2,3),

Vo,nij => Vo,nxy n =123
V30,nij = V30,nxy N=123
n=12.3

V80.nij = V80,nxy

6.1.2:2.3 Voltage Scaling
Dufing reformatting, the camera voitages (V),
i.e., the recorded camera-controller outpul
voltages, are also transformed to the ELRBRIC
input voltage scale V.
. = L
.VO.nxy >V 0,naxy
V30,nxy_ => V30,nxy

V80,nxy => VéO,nxy

This transformation involves scaling, offset,
and sign reversal:

V' =KV £ K,

The constants K1, Ko are derived from
respective white clip (WC) and black clip (BC)
voltage levels. Assuming K, is positive,

Vwe =K1 Vye + Ko

Vae = K1 Ve *+ Ky

Hence

K _Vwc-Vic
1
Vwe - VBee

K2 = Vee Vwe - Vwe Vee

Since (at this time),

VBC = -0.3 volts

VWC = .1.65 volts

V'gc = 0. voits
Vwc = 2.048 volts (or 2.000 volts)
Thus
2.048 2.000
Ki=gg=-152 (or —o = -1.485)

K, = (2.048) (0.3) = 0.6144 (or 0.6000)

Hence,

V’'=-1.52 V + 0.6144 volts

or

V'=-1.485 V + 0.6000 volts
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SHADING CORRECTION DERIVATION
DYNAMIC RANGE COMPENSATION

6.1.2.2.4 Establish Calibiation-Reference Voltages

The calibrated camera response is defined as
the on-axis response value. Reference voltages
corresponding to the ‘0" (zero exposure) and

“H’* (high exposure) calibration (C) levels are

derived from the on-axis (x,y = 5,5) 0% and
80% radiance-map data values:

VbC,n 4 Zero-level Calibration voltage

Voc,n=Vo,n,5,5

>

Vi—lC,n = High-level Calibration vqltage

VHe,n =V80,n,5,5
6.1.2.2.5 Derive Spatial-Correction Coefficients

The basic equation for the spatial correction
function is

Voxy = (Vll'lxy * Laxy) Gaxy:

Referring to Figure G.1-13, the gain term
Gnxy at an off-axis point x,y must correct the

video amplitude response at that point
(V'Hxy - V'Oxy) to the calibrated on-axis
amplitude (V' e . V'OC)

VH,XY, T
(Vixy~Voxy ) _I— * Ve

v; .
Oxy (Vhe -Voc'
I
| . |
i J ,
] ] VOC
I }
] i
OFF-AXIS POINT, ON-AXIS POINT
Xy (CALIBRATED V's)

DETERMINE G, SUCH THAT (Vi -Vo, ) 6, = Viie -Vo

DETERMINE Ly, SUCHTHAT Vg, L. =Vpe/Gy,

Figure G.1-13. Determination of Spatial-
Correction Coefficients

"NAL

There_fore Gnxy terms are der}ved from the
data as .

. _ vHC,n ) V(f)C,n

nxy vI’--I.nxy' vi).nxy

Since gairi is applied after the video level
correction,. the magnitude of the level Lxy

G

‘required to bring. the off-axis zero level
- voltage V'n 0,x,y into coincidence with the

calibrated zero leve! voltage, V'n,0C must
include the applied gain.
From .
Voc,n = (Vb,nxy * Loaxy) Gnxy
then
Voc,n

nxy - Grxy - '. Vo,nxy’

L
substituting Gnxy gives the expression for the
level shading corrections:

_' (V'O:C,n Vl'-l,nxy) - (VI'-lC,n Vb,nxy)
nxy

il

Vi-iC,n N V(')C,n
6.1.2.3 Dynamic Range Compensation

The 81 x,y level coefficients and 81 x,y gain
coefficients derived above define the break-
points of two spatially bivariant linear func-
tions. These functions correct the RBV video
signal over the entire image ‘to the calibrated
black-level and calibrated video range of the
signal at the image center.

However, the tendency of black-level shading
to exceed signal-shading essentially reduces
the dynamic range of the on-axis video signal.
The on-axis peak-to-pezk video signal (O to
100% exposure) may be typically 30% (TBV)
lower than the zero-to-white-reference voltage
range, ostensibly available through the
communication channel and film recorder. As
a result, the radiometrically corrected signal
may not cover the fuil dynamic range avail-
able on film.

Therefore, for image-processing purposes, the
“calibrated” video signal range is altered by
radefining the high-leve! on-axis calibration
voltage (V'HC,n) as 0.8 x \”" reference white
and replacing V'HC,n in the previous equa-
tions by this value.



. G.1.2.4 Bulk-Processed Film Trinsfer Characteristics

The bulk-processing film iransfer characteris-

tic is designed to produce a first-generation .

(master positive) image whose transmission is
linearily proportional to t~e corrected signal
and defined by

Txy=To + KV;;y .

where T, is the t:ansmissicn bias level corre-
sponding to a zero-voltage signal. This rela-
tionship will be calibrated as follows.

A set of fifteen accurate reference voltages

Vo=Vt (n-1) AV n=1,2...15
will be recorded by the electron beam record-
er as a 15-level gray scale acrdss the bottom of

each image.

Each voltage increment AV is one-fourteenth
of the maximum input signal voltage:

AV = Vmax
14

where

Vimax = 2048.000 : 103 volts (+ TBD*);

hence
AV = 146.285 x 10°3 volts (+ TBD*)
later and included in

*To be determined
revised page.

The base voltage Vo will be a stable bias
applied to the writing electron beam (corre-
sponding to zero input signal volts). The base
voltage will be blanked during the video
blanking interval. '

Transmission characteristics of the shading-
corrected RBV signal superimposed on -the
film will tend to appear as shown in Figure
G.1-14. The figure shown is derived from the
typical on-axis LTC response curves.

G-13

v
200 ‘.NHIIE cum .
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1
(X SCENE RADIANCE) ]

To
FILM TRANSMISSION

Figure G.1-14. Transmission Characteristics of RBV
’ Corrected Signals

G.1.2.5 Updating Corrections

Basic to refining the corrections for the RBV
imagery are certain image inputs to Precision
Processing.

One routine input of such imagery to Preci-
sion Processing is indicated by the dotted
path labelled RI in Figure G.1-11, which
stands for Reference Images. These images
have two purposes: {(a) for selection of ground
control points, for which the internal flow
path is not shown, and (b) for periodic
measurement of imagery for EBRIC update,
as shown. These manipulations include a
routine or periodic (e.g., weekly) measure-
ment of in-flight RBV erase-lamp images to
check the radiometric and geometric stability
of the RBV system. If and when significant
changes occur, new sets of (updated) bulk-
correction coefficients are computed, and an
updated EBRIC tape is generated and sent to
Bulk Processing.

The other image input path to Precision
Processing is labelled Pl, Precision Images,
which are the user-selected images to be
precision processed. This interface is orga-
nized so that in-flight RBV calibration images,
obtained during the orbit in which the scene
images were obtained, are included as inputs
along with the scene images to be processed.

ORIGINAL
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SENSOR STABILITY
REFERENCE CALIBRATION
IMAGE MEASUREMENT

The inflight calibration images bracketing (or
closest in time to) each scene image are
automatically measured. From these measure-

ments, radiometric corrections, e.q., as re-

quired to compensate for minor or short-term
variations in RBV response, are applied to the
appropriate scene images during the precision
processing operation.

The routine (periodic) radiometric measure-
ment/correction-update function is provided
to maintain a semi-continuous evaluation of
the RBYV signal stability, and to ensure some
amount of flexibility in the determination
and correction of temporal or temperature-
dependant variations in sensor response in
both bulk and precision image processing.

G.1.2.6 Sensor Stability Considerations'

Stability is one of the most important sensor
performance characteristics to be initially
evaluated. '

The precision processing operation performs a
detailed evaluation of the radiometric (and
geometric) stability of the RBV System once
a week, after some initial period of more
frequent evaluation, specifically for purposes

of updating bulk-processing corrections.

G.1.2.7 Reference Calibration of In-Flight Erase-

Lamp Images

Fundamental to detecting changes in gain,
level, or shading characteristics of the RBV
system is the derivation of reference data
defining its as-calibrated condition.

The reference erase-lamp caiibration for each
camera is computed from the following data:

1. The 0%, 30% and 80% Erase-Lamp
Radiance Mapping Data, spatially re-
formatted as per Secticn G.1.1.5.

2. The Bulk-Processing EBRIC coeffi-
cients, from the light-box calibration
data.

3. The Bulk-Processing Film Transfer

Characteristics, defined in Section
G.1.2.4.

(o AL

Erasé-lamip images are recorded just as though
they are scene images. That is, during bulk
recording, the spatial shading and gain correc-
tions for .a given camera are applied to the
in-ﬂ?g’ht erase-lamp signals from that camera,

~as they are recorded on film. The erase-lamp

images are sent to Precision Processing, where
their transmission and transmission distribu-
tion are measured and compared with the
reference erase-lamp data.

Therefore the reference data are computed as
sets of reference transmission values (TR) for
the 0%, 30% and 80%(H) exposure-level erase
lamp images:

TF!O,nxy TR 30, nxy TrA, nxy

where the subscripts n (camera number), O,
30, 80 (cxposure level) and x, y (breakpoint
locations) are as before.

Each reference transmission value is com-
puted as

r -
TRO nxy =I£Vi£0. nxy * Laxy) an{le * T,
TR30, nxy =EV'E?,O. nxy * Lnxy) an;JKf FT,

TRH, nxy ° PEBO. nxy " L'm_(y) Grxy i+ Ty

where V'E()nxy are the reformatted erase-
lamp radiance-map data points VCE()ij, scaled
to the EBRIC voltage range.

G.1.2.8 Measurement of In-Flight Erase-Lamp Images

Fitm transmission is measured in the Precision
Processing equipment by scanning cathode
ray tubes and photomultipliers that are main-
tained in continual calibration against stabi-
lized radiance sources. The transmissions of
the in-flight erase-lamp images are recorded as
photomultiplier currents (1):

"MO,nxy lM30,n><y lMH,nxy
The film may contain slight transmission
errors due to normail tolerance on photo-

processing uniformity. These errors are



compensated routinely (for every image) as

follows: The calibrated rray scale of each
crase-lamp image is measuwied and stored as
photomultiplier currents:

lMG,g',o,n 'MG,g,Bi n ‘MG.g,H.n
where the subscript rotation refers to ‘‘Mea-

sured gray-scale current of the gth gray-scale

step of the (0, 30, H) exposure-level image of

car.cra (n)."”

For each. gray level g, g + 1.,.there_,a're
theoretical transmission values Tg o TG g+l

> Gg "Gy
corresponding to the calibrated voltages
which exposed them, with a uniform int_e.rval
between levels:

TG.Q 'TG.g+l =ATqg

Thus *‘measured’ transmission values TN are
computed from the measured photomultiplier
currents corrected for film errors by

| -1 ’
MO, nxy " 'MGg0, n
MO, nxy Tg, g* E""—‘—'——‘—:I Tg, g+l” TG. g)

|MGgO, n” IMO, nxy

Bl -t
M30, nxy ~ 'MGg30, n

TM3O,nxy = TG_g ol
IMGg3O, ac 'M30, nxy

IMH, nxy " 'MGgH, n

TMH,nxy ’ TG,g +E :](TG,gﬂ 'TG.g)

lMGgH, no IMH, nxy

G.1.2.9 Derivation of Updated Correction
Coefficients

The following derivation assumes a spatial
error has occurred, requiring the use of the O
and 30% exposure-level measurements.

The measured transm:ission of the in-flight

calibration image relaies to the extant gain
correction terms Gyy Lxy by

T™]M,0xy.n = (VEO x,y.n * Lnxy) Cnxy Ki* To

TM30,x,y,n = (Vi':'30x.y.n * Lnxy) any Ky + To_’ '

G-15

L|'1xy = Lv'bxy *

The measured transmission values are then .
compared - to the reference transimission
values. If

(TR-€TIxy £ TMnxy = (TR “Thxy
(where e is some allowable error value, to be

determined later)the existing correction co-
efficients are acceptable. '

- If however

(TR-€Thxy = TM, nxy = (TR * €T)nxy

the present correction coefficients are no

fonger valid. A new set, denoted by primes,

G;flxy L;lxy

must be generated.

One, several, or perhaps entirely new sets of
G,’—\xy L;-;xy coefficients may be required
(owing to spatial and/or temporal changes in
either or both of the received signal voitages
V[‘-;o' nxy,Vi-:30, nxy) to provide the signal
processing corrections required to regain the
calibrated Reference Transmission values.
Thus the new coefficients relate to the re-
quired transmission distribution as

TRO, nxy = (ViEO,nxy + L;lxy) G;'nxy Ki+ T,
TR30, nxy = (VE30, nxy * Lnxy) Gnxy K1+ Tg

Manipulation of these equations yields the
new level coefficients

(TR30. nxy ~ Tol (TM30, nxy ~ TMO, nxy) (Tm3o, nxy ~ To!

K¢ any (TR3O,nxy - TRO.nxy) Ky c‘nxy

The bulk image processing corrections are
updated by generating a new EBRIC tape,
forwarded to Buik Processing, and the new set
of corrections is stored in Precision Processing.

G.1.3 Geometric Calibration
The primary sources of geometric calibration

of the RBV system come from initial calibra-
tion measurements. The initial data include
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GEOMETRIC CALIBRATION
RESEAU CALIBRATION

calibrated measurements of the position of
the reseaus in the image plane of each camera
and the projection of the réseaus in object
space; "the alignment of the axes of the three
camera relative to one another; and the
alignment of the camera system to the atti-
tude measurement axes of the spacecraft.
These measurements are described in this
section.

Geometric calibration data are aiso derived
after the spacecraft is launched, from mea-
surements of ground points obtained in the
image. These measurements are made
throughout system operation.

G.1.3.1 Reseau Calibration

Two types of reseau calibration measurements
are performed: Reseau Measurement deter-
mines the positions of the reseau marks on
the iube faceplate; Reseau Mapping deter-
mines the projection of the reseau field
through the lens, and the location of the
imaging axis of the lens on the image plane.

G.1.3.1.1 Reseau Measurement

The location of the reseaus on the RBV face
plates is measured by the United Siates

- Geological Survey. The measurements are
made ‘with a precision-calibrated, two-axis
optical- monocomparator having a stage reso-
lution -of oné micrometer. The comparator is
'equlpped with dlgutal coordinate readout and
a ca?d punch

The S,reseau fleld of each camera is measured
fouritimes by three operators. The calibrated
reseau locations are then determined by aver-
agmg the operator bias. The mean position of
the _reseau marks xj, vi, and the four anchor
marks, are defined in millimeters relative to a
coor'dmate system originating at the central
reseau. (The-standard deviation of the error
from the mean values is expected to be0.85
(TBV) um) These calibration data will be
published for all flight-model RBV tubes.

6.1.3.1.2 Reseau Mapping

Reseau mapping is the measurement opera-
tion- to determine the angular projection of
each of the reseau marks into space. The
reseaus will -be mapped with a catadioptric
theadolite, mounted on precision orthogonal
ways capable of being moving in a plane
perpendicular to the lens axns as shown in
Figure G.1-15. :

CATADIOPTRIC THEODOLIVE

HESEAU FILED ON
RBV PHOTOCONDUCTOR

REFLECTED
LIGHT FROM
RESEAU

ENTRANCE
APERTURE

RBV CAMERA (3)

RBV BASEPLATE

ILLUMINATION

Figure G.1-15. RBV Reseau M -pping (Concebtua/,
per U.S. Geological Survey)
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The reseau marks on tke tube face are
observed (in crosshairs in the eyepiece of the
theodolite) through the lens of the camera
system. The marks are illuminated by a beam
projected into the lens from a mirror mount-
ed concentric with the thec 'olite axis.

Angular measurements are made of those
reseau marks appearing within the theodolite
field of view. The theodolite is then translated
(orthogonally to the camera axis), the angles
of next group of reseau marks are measured
and so on, until all the marks in the field; and
the four anchor marks, are mapped. The
angular and orthogonal-translation measure-
ments are then processed to calibrate: the
following parameters of each camera:

1. Lens focal length
2. Lens principal point

3. Radial lens distortion.

It is anticipated that the focal length of each
lens will be determined to an accuracy of
about 20um. It is desirable to determine the
principal point and the lens distortion to a
higher accuracy. The principal point is that
point in the image plane which is pierced by
the optical axis, or it can be defined as that
point in the image about which the (radial)
component of lens distortion is symmetrical.
The location of the principal points and
calibrations of the lens distortion is expected
to be determined to an accuracy of about
Sum. :

G.1.3.2 Camera-to-Camera Alignment

The angular alignment of the three cameras
relative to one another (relative boresight
alignment) is calibrated with the three cam-
eras installed on the RBV baseplate. The
measurements are performed during, and with
the same equipment used for, reseau mapping.
The relative alignment between the three
cameras is referred to the reflecting axis.of a
mirror mounted on the baseplate of the
assembled camera system for subsequent
alignment of the camera system with the
spacecraft.

G-17

The specified toierance of the relative camera
misalignment between any two of the three
cameras is (TBD) minutes of arc (TBD de-
grees). The accuracy to which the relative

- -camera- alignment will be calibrated is antici-
L pated to be about 3 arc seconds (TBV).

G‘l .3_;_3 Camera system to Spacecraft Alignment

o ‘The RBV system fs aligned to each spacecraft

axis to 0.1 degree and known to 14 arc
seconds -

G.2 . MULTISPECTRAL SCANNER (MSS)

G.2. 1 Initial Calibration Methods

lmtlal callbratlon censists of (1) adjusting the
gam ‘and caltbratmg each detector using the
Hows integrating sphere, (2) calibration of the
MSS collimator and (3) determining the re-
sponse of the calibration wedge for each
detector. The response of the calibration
wedge, voltage versus word count, and radi-
ance versus word count, is used to provide the
standard function from which all future con-
versions between output voltage and input
radiance are derived.

G.2.1.1 Gain Setting and Calibration of Detectors

The output of each detector is adjusted using
the Hovis integrating sphere such that four
volts output represents the maximum speci-
fied radiance for that given band as specified
below. -

Max. Specified Radiance

Band {(mW/em2 —sr)
1 248
2 2.00
3 1.76
4 4.60

In bands 1 and 2 these specified radiance
values cannot be obtained utilizing the Hovis
sphere, since it is physically limited in these
bands. The values obtainable using the Hovis
sphere for each band are given below. Thus,
each detector is adjusted to a.voltage other
than four volts such- that the 4 volts will

correspond to the radiance values shown

above. These voltages are given below.

ORIGINAL
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Mae ~
CALIBRATION WEDGE RESPONSE
TEST DATA

‘ IN-FLlGHT CALIBRATION

Hovis Sphere Output Detegtor Voltage for which

Band - {mW/cm2 ~ sr) Gain is Adjusted
1 2.28 ' 388
2 198 : 3.96
3 1.78 405
4 4.61 4.01

G.2.1.2 MSS Collimator Calibration

‘Once the gain is adjusted and each detector
calibrated, the collimator is calibrated using
the MSS as the transfer function; i.e., the
collimator is calibrated through the scanner.

The output of the collimator lamp is constant
and seven neutral density (nd) filters are used
for various radiance levels. The radiance out-
put of the collimator for a particular nd filter
and MSS detector is determined by relating
the MSS detector output voltage to a given
radiance value as previously obtaihed with the
Hovis sphere. This radiance level is now the
calibrated level for the MSS detector and
collimator setting/nd filter. The:* appropnate
radiance levels for the nd filters are:

1. max. (open) 5. 5% max.

2. 50% max. 6. 2.5% max.
3. 25% max. 7. opague
-4, 10% max.

Table G.2-1 is a sample of the calibrated
collimator radiance output for the seven levels
for each detector. It is apparent from the
table that each detector within a band does
not have the identical calibrated radiance for
a given nd fitter. This is due to the particular
spectral characteristics of each detector. Also,
note that the maximum radiance for a detec-
tor is not exactly the maximum specified
reference level. This is because the trans-
mission factors of both the filiers and detec-
tors are not contained in these stated refer-
ence levels. Thus, for example, the 50 bercent
transmission.nd filter is slightly less, but is
acceptable since the numerical values for
these levels are only for reference.

JF T"MAL

oo

Onc’e the colhmator is cahbrated wuth the

“Theé calibrated collirhator determines the cali- '

bration Wedge response for each detector at

bratlon wedge response to the response using
the™ colllmator The' response utilizing the
colhmator provndes, for each detector, the
curves relating voltage to radiance. This pro-
wdes a radiance value for each voltage on the
calibration wedge. Thus, tables are prepared
relating voltage, radiance and word count for
the calibration wedge. This response is used to’
provtde the standard/reference base to which
conversions between output volitage and input
radlance are derived.

LS

6214 Test ';I;Jata

Duripg spacecraft testing the calibration
wedge is cHecked and compared with the
standard obtained in initial calibration. In
addmon the’ radiometer response of the MSS
is agam ascertained using the collimator/nd
filtefs.

These two tests will determine the degrada-
tion, if any, of the detectors. The calibration
wedge will provide the initial check on degra-
dation. The seven radiance levels utilizing the
colllmator will provide a correlation of cali-
bratlon wedge results.

G.2.1.5 In-Flight Calibration

In-flight calibration consists of utilization of
the ‘calibration wedge on alternate scans, as
described in Appendix A, and a sun calibra-
ticn. The sun calibration, also described in
Appendix A, serves as a standard against
‘which the calibration wedge will itself be
calibrated.



Table G.2-1. Sample,bf Calibrated

Collimator Radiance Output

PAVIFLE ALY WU U

1A

2.45452
1.16393
0.65536
0.24941
0.13444
0.05495
0.01201
0.00000

2A

1.82591
1.45667
0.76634
0.29270
0.16345
0.07982
0.02432
0.00000

3A

2.54976
1.36503
0.69234
0.27423
0.15984
0.08099
0.02745
0.00000

4A

7.47004
4.05189
1.91425
0.76029
0.46001
0.23566
0.09930
0.00000

18
2.44298
1.18325
0.65194
0.24258
0.]2788
6.06130

0.91713
0.00000

2B

297511
1.49127
0.77498
0.29424
0.16346
0.07950
0.02377
0.90000

38

2.71020
1.41395
0.70673
0.27481
0.15950
0.07879
0.02642
0.00000

4B

7.69612
4.16707
1.95591
0.78295
0.47574
0.25353
£.03204
0.30000

Radiance (m._W/cinz‘.-'sr).

1C

248455

1.19054

0.65424 -
0.23984

- 0.12472
0405769

0.01503 -

0:00000
2¢

2.81786
1,44130
0.75338
028853
0.16011
0.07760

- 002343

£:00000
3¢

2.71157
1.39637
0.68870
0.26226
0.14910
0.07236
0.02379
0.60000

4ac

7.22850
410776
1.95626
0.27400
0.47010
0.24798
0.09553
0.00000

D

" 243867

1.18380

. 0.65957

& 0.26821

013276

0.06301

0.01756

20

2.72868
1.40539
0.72888
0.274396
0.15203

© 0.07274
- 00282

0.00000
30

2.60236
1.37351
0.69102
0.26796
0.15461
0.07541
0.02561
0.00000

4D

6.72398
4.36008
1.99802
0.78059
0.48752
0.26726
0.12625
0.00000

1E

256689

1.19664
0.65732
0.24718
0.13117
0.06156
0.01640

2E

2.87797
1.46517
0.76499
0.20113
0.16076
0.07726
0.02380
0.00000

3t

2.63401
1.28888
0.70399
0.27605
0.16047
0.07928
0.02722
0.00000

4E

7.98225
4.39057
2.06782
0.80003
0.48423
0.24509
0.09519
0.00000

1F

2.36073
1.17485
0.65651
0.24781
0.13104
0.06227
0.01686
9.00000

2F

2.89951
1.46484
0.76223
0.28880
0.15948
0.07543
0.02298
0.00000

3F

2.74429
1.42527 -
0.70998
0.27240
0.15503
0.67534
0.02463
0.00000

4F

8.01650
4.46220
2.10426
0.72790
0.47830
0.63670
0.05567
0.00000
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NDPF CALIBRATION PROCESSING (MSS)
SENSOR CALIBRATION
CALIBRATION ALGORITHMS

‘G.2.2 NDPF Radiometric Calibration

Processing (MSS)

G_.2.2.1 Sensor Calibration

Each of the four spectral bands of the MSS on
ERTS A contains six sensor channels:that .
effectively sweep across the ground scene. '
The gain and offset of each channel may .
differ slightly, resulting in stripes appearing :
on the reproduced photographic imag'é. To
prevent this and to provide a constant conver-

sion gain between input radiance and output

voltage for each mode of operation, the |,
received voltage from each channel must be

adjusted.

A calibration signal wedge is supplied on :_'
alternate mirror sweeps for each channel, The

Bulk Processing Subsystem samples * this

wedge and decommutates six points whose

radiance levels and locations in the calibration

wedge are determined from initial calibration |
tables. Using linear regression (6 points), the -
channel gains and offsets are calculated. Since
these values will vary due to noise on the -
calibration wedge, they must be filtered.
These filtered values are then used to calcu-

late the calibration coefficients which in,turn

are used to adjust the received signal voltage: .
The calibration procedures for the Bulk Pro- -

- levéle to'S

__cessmg Subsystem and Special Processmg Sub-
.system are the same with Bulk Processing

supplymg the six calibration wedge voltage
pécnal Processmg Functnonally, the
complet cahbratnon procedure is as shown in

qu’p e!.G‘Z i

G 2.2 2 Cahbra’aon Algonthms

v diance levels to the regression analysis
f vare: program. The radiance values in the
c;'ahbratlon tables are normalized to the
maxlm-.im specified ' radiance presented in
Sectlen G, 2.1.1. Figures G.2-2 and G.2-3
show: in graphlcal form ‘how these tables are
useE‘!c ta obtain the standard for word count,
expected voltage levels, and relative radiance
lev'. -

Idea'"lly, without detector degradation, each
olfage on the calibration wedge, Vi, corre-
Iates directly with the radiance value at that
- count as determined in initial calibra-
some error is expected such that

SIGNAL
“VOLTAGE

vy

SUN CAL. MAX, BAND
COEF. AAD

S

Ve

| Fwves CALIBRATOR f——m

WORD RADIANCE
NUMBERS VALUES
Ny Ng Ry..... Rg
l l v1 J 1
CAL.
WEDGE ] LINEAR
™ SAMPLER : REGRESSION
Vg
e =T gV,
b=2Z DV;

V, = KR
Vc = AV, B

Figure Gi2-1. MSS Sensor Calibration
* Functional Flow
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. CALIBRATION VOLTAGE

— ¢ ] . i .
S0 200 a00 600° 800
LINE J‘ : s * WORD cou‘n'r _
START _ -
copE N 3860 + 200 SoEns
WORES . WORDS'. ]
\ SHUTTER ) ' '
CLOSURE
Figure G.2-2. MSS Typrcal Calibration Wedge
Vi=a+bX;+e Solving for the root-sum-square error, dif-
where ferentiating and setting to zero, the gain b and
. offset a for an ideal linear radiance vs voltage
. = voltage output . . . :
Vi = voltage outp ' _. is obtained. Figure G.2-4 shows how the 6
X; = ratio of calibration signal rad!ance sampled voltages, when combined with the
(R)to maximum specified radiance chosen 6 relative radiance levels, can be used
value (R)) to determine the best straight line fit using
e; = error associated with the actual linear regression.
calibration wedge reading
0 r u —
BT mr
g
g w | x=ni“ s W
.-g-‘ . Veatby
\ . ! : X < R/Rq
2 - \ ‘. " - O= CAL.POINTS
\
\ .
N\
\\
1 1 L ) J ’ 1 1 1 i ]
1] 200 400 600 L] 1000 A [ 23 [ 1] [ 1] (3] 10
WORD COUNT X
Figure G.2-3. Example of MSS Had/ometrlc . Figure G.2-4. Example of MSS Voltage vs
Level vs Word Count Radiometric Level

E ORIGINAL
G-21 SEPTEMBER 15, 1971



AT IEaeATIART

P =t o)

uHLIun’HI ION ALGORITHMS

DATA SMOOTHING -
" The equations used to calculate a and b, given

C

k relative radiance levels (X;) and the corre-
sponding k voltage measurements Vi, are: *

Q0 = » f".\l.
b = Z DiVi
(ZX;2) - (2X;) X;
G = T%.2Y. (932
'\‘Ul\l ’ ‘H’\l,

KX; - (ZX;)
FT T K(EX2) - (2X,)2

*All summations are from i = 1 to k. The
values of a and b will be calculated for all 24
channels for high and low gains. -

The desired straight line can then be repre-
sented by,

Vi=a+in

The values of X; may be different for each
mode of operation and channel, but are
constant otherwise. They will be provided
from initial calibration so that all values of
the constants C; and D; may be calculated.

G.2.2.2.2 Data Smoothing

Since the calibration wedge contains noise,
the calculated values of a and b must be
smoothed. A Kalman type filter is used and
implemented with an optimum variable
weighting factor for the first 16-64 calibration
data samples and then held constant for the
run's duration. When the MSS data is inter-
rupted, the filter is initialized again. Data
interruption is defined as the changing of
video tape or when the recorded data has a
time discontinuity. This type of filter was
chosen because the optimum variable weight-
ing factor reduces signal variance due to noise
very rapidly and allows reasonable initial
transient response time. The constant weight-

ing factor keeps the signal variance low and’

allows low-frequency 5|gnal variations to be
followed.

TINAL

The filter noise reduction properties are
shown in -Figure G.2-5 and -are such that the
error variance is reduced by the factor (n+1)
as - compared to each individual parameter

. meéasurement- variance when using the optl-.

mum variable weighting factor, and will be
K/2 for the constant value.

The filter equat:ons for the smoothed channel
gain b and offset a coefficients are:

a4(n) = ‘ag(n-1) + w(n) (a(n) - ag(n-1))

by(n) = by(n-1) + win) (b(n) - bg(n-1))
where

‘n = sample number

_-ﬁubscript s means smoothed value

1
w(n) =——forn < 16 (or 64)
" on+l

= K for n > 16 (or 64)

an

artmun

SAMPLE NUMSER (m

Figure G.2-5. Noise Reduction Properties of
Kalman Filter

t




tnitial values of ag and Lk are supplied from
the initial calibration tab' .

G.2.2.2.3 Calibrator

The calibrator section of the calibration pro-
cedure is the memory lco«-up table where the-

conversion from received signal voltage V, to
calibrated voltage V. can be obtained from
the relationship

VC =AV,-5
wheré
KnRn
A =
bs
5 ~ Kn Rpy As
by

full scale voltage

_ _ 4.0
Kn = _-R:

full scale band radiance

G.2.2.2.4 Summary of Equations

A summary of all the equations used for
sensor calibration follows:

1. General Equations

V; = Calibratior: wedge voltage sample
No. i
X; = Ratio of calibration signal radi-
ance (R) to maximum value (Rp)
i = SampleNo.(i=1,2,..... , 6)
(EX;2) - {ZX)) X,
Ci =
k(ZX;2) - (£X;)2
kX; - (ZX))
e —— 2
k(ZX;9) - (£X))
2z = summationofi=1tok
k = no. of samples actually used (either

4 or 6)

G-23

2. Chanr{el Offset (a)'

_ ' k

3 __Chanhel Gain {b)

a = T DGV

i=l

4. _Eiltered Values ofaand b -

3 (n) = ag(n-1) + w(n) (a(n)-ag(n-1)
by(n) = b (n-1) + w(n) (b(n)-b(n-1))
w(n) = njl forn s 16 (or 64)

= Kforn > 16 (or 64)
K = 1/64

5. Calibration Coefficients

Ve = KiR
Ve = AV,B
where
R = signal input radiance
. . full scale volitage
K, = conversion gain=~
R
n

V, = received signal voltage
V. = calibrated signal voltage

Kan.
A =

. bg

5 R KnRnpag
- by
R, = full scale band radiance (maxi-

mum specified radiance for

band)
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SUN CALIBRATION
SENSOR CALIBRATION
IMAGE LOCATOR

G6.2.2.2.5 Sun Calibration

Sun calibration data is received.and s_{ored on
Computer Compatible Tape (CCT) and, at a
later time, the data is processed in order to

obtain updated calibration coefficients. The-

acquisition of sun calibration data occurs at a
maximum of once per orbit. Data is obtained
in the MSS data format during the sensor data

time interval and the Bulk Processing Sub-

system (BPS) makes a normal framed image.
This continues until the data ends, whiclj is
normally less than the equivalent of 100'nm
on the ground (see Figure G.2-6). The sun
appears in the image as a smeared disk with a

flat central portion that covers about 0.05.

degrees.
T T T
|
! |
H l@ |
N | o
| I
4 L |
— o — e |
| | 8
i I
| |
| |
|
| |
i |
| |
b o e — d_1.

NOTE: RISMEASURED AS
A FRACTION OF IMAGE
WIDTH.

pl]

Figure G.2-6. MSS Sun Calibration

When the BPS is in the image generation
mode and the Image Annotation Tape indi-
cates the time that sun calibration data was
received, the BPS makes a framed image.
When this sun image frame is developed, an
interpreter locates the sun wi.thin a 25-nm
strip. The start of this strip must be measured
with respect to the left edge (West) of the
frame. The interpreter then has a work order
made so that the BPS can make High Density
Data Tape of the desired image. The Special
Processing Subsystem (SPS) then receives this
tape and makes one CCT which contains the
desired sun disk in all four spectral bands.

‘AL

A

At a later time when the sun data is pro-

cessed, the CCT is inputted to the SPS. This

d'a_ta’_\j.; i$ continuously calibrated for channel
gain and offset variations. Next, the sun image
is located Ry requiring the data level to
exceed a set threshold. When the sun image is
located, all of the data exceeding the thresh-

‘old level is outputted to the line printer so

that a special plot of sun voltage levels may be
obtained. The data is also entered into
memory and a histogram made of the number
of times a given data voltage level has been
received. From this histogram, a larger thresh-
old_value more representative of the sun disk
location is determine; and the CCT run again.
The:sun disk plateau is then averaged. This
average value for each spectral band is used to
calculate the sun calibration coefficients. The
actual calibration procedure is shown in
Figure G.2-7.

5.2.2.2.6 Sensor Calibration

The calibration of each channei is performed
as described in Section G.2.2. Since approxi-
mately 20 sweeps are required for the channel
calibration data averaging filter to settle down
if the input channel gain and offset initial
estimates are not correct, it is necessary that
the sun disk be 20 or more sweeps down from
the top of the image to obtain accurate sensor
calibration. This will normally occur since the
MSS sensor is turned on prior to the actual
viewing of the sun.

6.2.2.2.7 Image Locator
The Sun Image Locator Program receives the

sun data one record at a time and calibrates
each byte as it is read out of memory. Each

. calibrated byte of a record is compared with a

set threshold. When N; consecutive bytes
exceed this threshold for N, consecutive
records, the sun image is assumed to be
located. Ali of the following data that exceeds
the threshold is then put into the Central Disk
Averager memory. This continues until Ny
consecutive records have not output data.
Once' the sun image has been completely
scanned, the CCT is back-spaced to- the
beginning of the sun image. The program is
repeated for each spectral band.



cCT - . '
— Lttt ol sensom IMAGE
CALIBRATOR LOCATOR
R

| CENTRAL : COEFFICIENT | " o

. DISK

AVERAGER CALCULATOR

Figure G.2-7. MSS Sun Ca})'bration Prbcec)u_ra .

G.2.2.2.8 Central Disk Averager

All data obtained from the image Locator
Program is put into memory in such a way
that a histogram is created. From this histo-
gram, a new larger data threshold is deter-
mined by finding the largest memory address
containing a count of N3 or more. This
memory address is then used as a new
threshold and the CCT is started again. The
actual sun disk is now bounded by this new
threshold and all values within this bound are
averaged together to form the average sun
voltage value. This program is repeated for
each spectral band and the numbers are
supplied to the coefficient calculator pro-
gram. The actual value of N3 depends upon
the amplitude statistics of the central disk of
the sun which normally contains a plateau of
about 100-200 data bytes of constant ampli-
tude. The plateau contains the maximum data
values. Using this model of sun disk plateau,
N3 would be smailer and would be deter-
mined analytically from the printout of the
sun image. The data averaging technique
depends critically upon this model being
correct and that the plateau contains the
maximum data values. Should the sun disk
plateau be surrounded by a ring of peak
values, for examplte, the averaging technique
software program would have to be modified
to average only those data values of interest.

G6.2.2.2.9 Coefficient Calculator

The calibrated voltages are denoted as V. and

G-25/438

their relationship to input radiance is:

V. = KR

where K,, = system conversion gain for the
given band and mode of operation. Since the
sun radiance value for each spectral band
remains constant, the only way that the
received calibration sun voltage values (Vé)
could change would be for K, to change.
Collecting values of V¢ each time sun calibra-
tion 'is performed and calculating the average
value as a function of time, the change in Kn
with time is determined. The change in K, is
then:

, K. (old}
S, = [Vg (ave)y - V¢ (ave)2] - n
VZ (ave)y
where
V¢ (ave){- = average value deter-
mined during initial
sun calibration runs.
\ (ave); = average value deter-

mined during subse-
quent sun calibration
runs.

The gain constant K, can then be adjusted
by,

K, (new) = K, (old) + Sy
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PHOTOGRAPHIC IMAGE QUALITY

APPENDIX H

7 1LV AND DEVELOPER CHARACTERISTICS

Tabte H-1 indicates the film/developer com-
binations used in the photographic subsystem.

All black and white products are processed in .

Kodak Model 11-C Versamats. Color negatives
and transparencies aie processed in Kodak
Modetl 1811 Versamats.

All films selected are ‘'standard’ materials
that are commonly used for military aerial
reconnaissance duplication tasks as well as
other applications. The single exception to
this is the Kodak SO-219 film specifically
designed and used for electron beam record-
ing. This film differs from ordinary film in
that it has a special layer between the
emulsion and base that is electrically con-
ductive. The layer effectively normalizes any
electrical charges between exposed and un-
exposed portions of a frame while the Elec-
tron Beam Recorder (EBR) is writing the
image. If this layer were not present, it would
be possible, in theory, for geometric distor-
tions to occur in the images because of
electrical charge differentials between ex-
posed and unexposed portions of the image.

H.1 PHOTOGRAPHIC IMAGE QUALITY

Photographic image quality is mainly depen-

dent upon the choice of film, although the
developer is sometimes significant. Generally,
films of high light sensitivity have relatively.
inferior image quality while films of low light
sensitivity “have relatively high image quality.
Aerial duplicating films used in the ERTS
photographic facitity are all of low light
sensitivity and consequently have good image
quality characteristics.

Image quality is broadly defined by three
parameters

1. Tone reprdduction

2. Modulation Transfer Function

(MTF) or resolution

3. Granuiarity or graininess

These parameters were originally used as
criteria to select the films used in the photo
processing subsystem and are described in the
following paragraphs.

ORIGINAL
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PHOTOGRAPHIC IMAGE QUALITY

Table H-1. Film/Developer Combinations

 FILM TYPE

ITEM NO. ITEM DEVELOPER

BULK BLACK & WHITE T - T

1" 70 mm archival positive 50218 MX.541

2> 8.5 in. mester negative TBD** TBD**.

3 70 mm intormediate negative 8D 8D

4 8.5 in. transparency for user TBD TBD

5 . 8.5 in.-print for user 171780 -MX-641

6 70 mm pﬁsitive transparency TBD T8D

for user -

™ 9.5 in. positive input for color “TBD TBD

8 70 mm negative for user " TBD TBD
PRECISION BLACK & WHITE 'l

1" 0.5 in. archival negative 2490 MX-541

2 8.5 in. transparency for user T8D TBD

3 8.5 in. print for user 17178¢C TBDl

Lo 9.5 in. input for color TBD | 8D

L 9.5 in. negative for user T8D TBD
BULK COLOR

1 9.5 in. archival negative 2445 C-22/EA5

2 9.5 in. transparency for user- $0-193 C-22/EAS

3 9.5 in. print for user RC-30 EKTAPRINT-3
PRECISION COLOR

™ 9.5 in. avchival positive 2445 C-22/EAS

2 9.5 in. transparency for user $0-193 C-22/EAS

3 9.5 in. print for user RC-30 EKTAPRINT-3
MICROFILM

L 16 mm original negative $0-28% MX-641

2* 16 mm intermediate negative 7470 stu

3 16 mm positive for user 7464

mMX-641

* Product'is'uééd intemaluly withink NDPF a}ld is not available to investigators

WAL

** All TBD's refer to one film/developer combination that has not yet been selected




H.1.1 Tone Reproductior.

Tone reproduction can be itlustrated by a plot
of resultant film density (L) against the log of
exposure. The nominal D 'og E curve for the
ERTS duplication film/chemistry combina-
tion is shown in Figure H-1. This figure was
determined by exposing the duplication film
in a Hernfeld Sensitometer filtered to sim-

TONE REPRODUCTION

ulate the. blue light exposures used.in the
printers. The exposure time was 1/5 sec. The
curve is nominal; however, the deviations
from the average are smal!l and consistent

_ because of the extensive quality control and

inspection procedures used. Because of these
procedures the ional range of user generation
products is not compressed and simulates the
original SO-219 photos accurately.

|

e~
L CONDITIONS
0 - EXPOSURE TIME - 1/83EC
TEMPERATURE - TBO .
240 FILTERING - BLUE LIGHY EXPOSURES
=T EQUIPNENT - HERNFELD SENSITOMETER
220 r_
200 |-
10 |-
[
21 |
£
o
-
o |
w |-
-
,
a2 |

200
RELATIVE LOG EXPOBURE

EX ) 400

Figure H-1. Tone Reproduction Characteristics of (TBD) Film and {TBD) Developer

Figure H-2 represents the effect of the second
and third generation copying processes on the
tone reproduction. The SO-219 density when
illuminated by light becomes the exposure for
the second generation and the "illuminated
second generation becomes the exposure for
the third generation. The intensity of the light
is chosen to position the D-log E curve
optimally relative to the curve for the preced-
ing generation. The SO-219 density scale is
translated clockwise through Figure H-2 and
becomes the ordinate for quadrant 1V. The
S0O-219 exposure is brought down to become
the abscissa of quadrant 1V. This is indicated
by the construction lines.

The fidelity of the reproduction process is
obtained by comparing quadrant 1V to the
S0O-219 D-Log E curve. Because the second

and_third generation processes have a gamma
of 1.0 and because the correct printing
exposure has been chosen, a gray scale re-
corded on SO-219 is reproduced exactly in
the third generation.

Paper prints, both black and white and color,
are processed to a gamma higher than 1.0 so
that a more pleasing subjective impression will
result. Necessarily, these photos are not linear
over a very wide exposure range because of
their higher gamma characteristics and, con-
sequently, will be of limited use for gathermg
quantitative density data.

The color negative and transparencies also
have a limited linear range. Their exact tone
reproduction is to be determined.
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TONE REPRODUCTION
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Figure H-2. Tone P production
Characteristics of Photo
Processing Subsystem
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H.1.2 MTF and Resolutic.n

A typical MTF respcnse for the duplication
films is shown in Figure H-3. These duplica-
tion films have very good MTF characteristics
relative to the electronic . insor systems. They
are capable of resolving about 250 lp/mm
using a 1000:1 contrast targets and hlgh
resolution contact printers.

FILM - ' T8p
CHEMISTRY - TBO
CONDITIONS -~ TBD
MODULATION TRANSFER FUNCTION
100
s0
8
=
o
&
2
o« 20 [
-
z
'™}
[X]
[
w
bl 10 |-
5 | I | { 1 i
2 5 10 20 50 100 200

SPATIAL FREQUENCY (CYCLES/MM)

Figure H-3. Typical MTF Response

Because of the high resolving power capabi'ity
of the duptication films being used, resolution
of the original EBR photographic image is not
seriously reduced. Using the limiting resolving
power capability of the sensor and recording
systems of 38 1lp/mm (70mm format), the
limiting resolution at the various generations
of photography are as shown in Tabie H-2.

Table H-2. Estimated Limiting Resolution

-Reproduction Stage (Gsn.) Resolution (1p/mm)
AO (input) 38
1st Gen. (S0-218) positive .3
2nd Gen. Negative | 30
3rd Gen. Positive 26

.approxnmately 5000

H.A ‘._3 Grariuiarity

Granularlty of the products at various stages
of reproductcon "has been estimated from
mdependent density
samples and is defined as 1000 times the
standard deviation of the density of an evenly
exposed portlon of a photograph when
scanned . wsth a microdensitometer (f/2.0)

using a 48um aperture in the white light

mode. Granularity vs density curves of the
various products are useful for placing con-
fidence hmits on microdensity areas. Figure
H-4 is an estimated granularity vs density
curve for SD-213. Figure H-5 estimates the
granularity vs density of each stage.

GRANULARITY
-
T

1 1 J
1. 2. b1

BENS(TY (SPECULAN)

Figure H4. Estimate of SO-219 Granularity

H.14 Photographic Micro-image Quaiity

Fo¥ investigators wishing to scan photographs
with a microdensitometer, aperture size will
be critical. Because of MTF, granularity and
sensor and recording systems considerations,
scans using apertures smaller than approxi-
mately 20 pm diameter will be essentially

ORIGINAL
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MICRO-IMAGE QUALITY
DIMENSIONAL STABILITY

meaningless. Even scans with apertu r_é sizes of

approximately 40 um will probably not cor-

relate well with macro-density readings, even

when assuming that Lhe investigatoi has made’

necessary corrections from specular to diffuse
density. This problem originates from the fact
that system MTF and therefore contrast is

affected differently at higher spatial fre-

quencies than at the lower frequencies. If
absolute density comparisons are needed at
these frequencies, it will ke necessary to
consider micro-image effects.

DENSITY

ATH BEN.

3R0 8EN

IND GEN.

GRANULARITY
4
T

15T GEN.

] 1 1 '
[] " 10 20 30
DENSITY {SPECULAR)

LIOHT

FINLLINES
./ 16 i

BROAD AREAS

RELATIVE LOG EXPOSURE

Figure H-5, Estimate of Granularity
at Each Generation

Figure H-6 gives an estimate of the difference
that can be expected between macro and
micro characteristic curves. The micro-curve
has a higher slope mainly because of photo-

graphic chemical adjacency effects. Quanti-

tative data on the micro-density character-
istics of the various products will be made
available at a later date in an addendum to
this document. '

AL

" " Figure H-6. Difference Between Macro
and Micro Characteristic Curves

H.2 DIMENSIONAL STABILITY

All films used in the NASA Data Processing
Facility use either Estar or Cronar polyester
film bases which are relatively insensitive to
dimensional changes. However, polyester
bases do exhibit minor size changes due to
three independent factors:

1. Thermal changes
. 2. Humidity changes
3. Processing

Environmental operational parameters within
the photographic laboratory are:

Temperature 70° + 50
Humidity 50% = 10%

Thus, maximum changes could be as high as
10 degrees for temperature and 20 percent for
relative humidity. Using data supplied from
Eastman Kodak these changes are equal to
0.028 percent maximum size change for Estar

- based material. Processing dimensional change




and aging shrinkage adds a wother 0.04 percent
so that the total maxim.m change would be

approximately 0.0680 percent par image gen- -

eration. A third generation photo would have

a maximum dimensional error ‘of approxi-

mately 0.204 percent. Tt ~se values are -maxi-
mum’ dimensional error; the actual 'value
should be much less because the environment
within the laboratory is not expected to be at
its maximum limits. Also, because there will
be shrinlkage as weil as expansion, th'e_ net
change will be less than that given above.

H- 7/’

©given batch. Because of this,

- e R Y

Random dimensional changes of 5 pm have

been reported in the literature. Using an RSS

summation, :this change is 8.7 um over three
-generations.. For comparison with the above

flgures, this is equivalent to 0.01 percent.

It should be noted that all data used in
maklhg color composites are ‘generated in a
dimensional
differences should be less than 0.01 percent.
Moveover al' images have tick marks for good
relat|ve accuracy
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. APPENDIX I
ORBIT AND COVF 2AGE

Systematic, repeating, globa: earth cover-’ége
under nearly constant obsen .tion conditions
is required for maximum utiiity of the multi-
spectral images collected by ERTS A and B. A
circular sun-synchronous orbit with a 9:30
a.m. descending node (equatorial crossing) has
been selected. The nuiminal orbital parameters
for ERTS A are given in Table I-1.

1.1 EARTH COVERAGE

The ground coverage pattern selected is
shown in Figure 1-1 for two orbits on two
consecutive days. The orbit causes the daily
coverage swath to be shifted in longitude at
the equator by 1.43 degrees correspondingito
159 kilometers. The revolutions progress in a
westwardly direction and the pattern con-
tinues until all the area between orbit N and
orbit N+1 on day M is covered. This consti-
tutes one complete coverage cycle, consisting
of 251 revolutions, takes exactly 18.days, and
provides complete global coverage between 81
degrees north and 81 degrees south latitude.
On any given day, the satzllite makes approxi-
mately 14 revolutions of the earth as shown
by the typical ground trace in Figure I-2.

Table 1-1. Nominal Orbit Parameters

" Orkit Paramater Nominal Orbit
Somi-mejor axia 729400 km
Inclination ) . M0.882dey

“Poried 103.267 min
Ecramtricity [

Time st desconding nede 30 a.m.
(eyuatorial croming)

Coversge cycle 18 days (251 tova)
duntion )

b‘lmu betwees 150.38 km
dip-t ground tracks :

ORMT N ¢ 1 DAVM « 1
ORBIT N « 1 DAY M

ONBIT N, DAY M

NOTE. Dlll'l' N OAY M +
CURS 14 IIVOIU"DIS
Aiﬁl OAMT W,

ORBIT N, DAY M ¢«

1

‘Figure 1-1. Ground Coverage Pattern
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Figure I-2. Typical ERT. S Ground Trace for One Day {Only Southbound Passes Shown)
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EARTH COVERAGE
IMAGERY OVERLAP

120

w0 I 1

Figure 1-3. ERTS Coverage of Contirtental United States

Coverage over the United States is depicted in '

Figure |1-3. The observatory proceeds along
each swath from top to bottom in the illustra-
tion and the orbits proceed from right to left.
On the first day, coverage is provided in Orbit
Numbers 1, 2, and 3. On the second day,
images are returned during Orbit Numbers 15,
16, and 17. Adding 14 orbits for each suc-

ceeding day, U.S. coverage is completed after
orbit 251, and is repeated beginning with ~
Orbit Number 1. With the three ground sta- -
tions used for ERTS, data covering the United

CENTERLINE
OF TWO ADJACERT
SUBSATELLITE TRACKS
159 XM

EQUATOR 7

14% SIDELAP

|
|
‘.

\ \
Rev (v} Rav (n)
Cwymet Dwy m

States (i'ncluding Alaska but excluding
Hawaii) i$ obtained in approximately 18
minutes of operation per day.

12 IMAGERY OVERLAP

The coverage pattern. provides 14 percent
cﬁbs’._s-track imagery overlap at the equator as
shown in Figure 1-4; Table 1-2 indicates the
Increase in cross-track overlap of the swaths as
higher latitudes are reached. At latitudes with
greater than 50 percent overlap, complete
duplicate coverage is achieved on sequential
days. The duplicate coverage affords the
passibitity of obtaining images of a given
ground area via portions of images taken on

~ days M-1 and M+1 even though an image was

nc{gt,obtaih?d on day M (Figure i-5).

Table 1-2. 'bﬁerlap of Adjacent ERTS Coverage Swaths

Figure I-4. Imagery Sidelap at the Equator

© "AINAL

Latitude Image Sidelap
(deg) _ (%)

] 14.0
10 15.4
20 19.1
30 25.6
40 34.1
50 44.8
60 57.0
70 70.6
80 85.0




(BUATOR

Figure 1-5. ERTS Overlapping Co vérage

1.3 REPEATABILITY

The ERTS orbit has also been designed so
that the swaths viewed during one 18-day
coverage cycle repeat or overlay the corres-
ponding swaths viewed on all subsequent
coverage cycles. This facilitates comparison of
imagery of a given area collected during dif-
ferent coverage cycles. In addition, picture-
taking sequences will be scheduled such that

R

P vee YA e

‘centers of pictures taken every 18 days are
aligned along the in-track direction. This is
accomplished by referencing all payload
operation to the equator as indicated in

Figure 1-6. For example, if imagery of Region

A ‘wete desired in the orbit shown in Figure

16, it will not be obtained as one picture

centered over the region, but will consist of
two pictures taken 125 and 100 seconds prior
to th,;é;‘-equatbrial crossing. The repeating orbit
characteristics are such that no more than 37
kilometers cross-track picture-center variation
‘will gccur over the ane-year mission life. The

" in-track scheduling will assure that no more

than }3_0, kilometers: in-track picture-center
variation will occur.

1.4 ALTITUDE VARIATIONS

Selection of a circular orbit minimizes the
variations in the altitude of the spacecraft.
However, even a pure circular orbit cannot
maintain a constant altitude profile due both
to the.oblate characteristics (polar flattening)
of the'earth and to perturbing forces upon the
satellite such as the gravitational effects of
earth, sun and moon. The combined effects of

REGION A

FRAME SHOT EXACTLY
ON EQUATOR, OTHER FRAMES
SPACED AT 25 SECONDS

185 KM (RBV)

277
,,,,,

Figure 1-6. In-Track Picture Scheduling

1-3
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LOCAL OBSERVATION TIME
LOCAL TIME VARIATION

oblateness and perturbing forces will cause -
the altitude of the satellite to vary periodical-

ly within the range of 900 to 950- km
* throughout the mission life. .

1.6 DETERMINATION OF LOCAL OBSER-
'VATION TIME '

The ERTS orbit is sun-synchronous, as shOWn

in*Figure 1-7; hence, the geometric relation-
ship between the orbit’s descendmg node
(southbound equatorial crossing) and - the
mean sun's projection into the. equatorial
plane will remain nearly constant throughout
the mission. As a result, the mean sun time at
each individual point in the orbit will remain
fixed and, in fact, all points at a given latitude
on descending passes will have the same mean
sun time. For ERTS A and B the mean sun
time at the descending node will be estab-
lished at launch and will be between 9:30 and
10:00 a.m. This estimate does not mean that
the focal clock time will remain fixed for all
points at a given latitude, because of the fact
that discrete time zones are used to determine
local time throughout the world. Figure I-8
illustrates a typical variation in local time for

sequential ‘satellite equatorial crossings. For
orbit n the equator crossing is taken as 9:30 .
in ‘time zone a. One hour and 45 minutes later
(one orbntal period) on orbit n+1, the equator
crossing occurs in time zone ¢. The local time

of :the’ ;;q'ossmg is 11:13 in time zone a and

: -9 13 in ime zone c..

: MIIT PLANE ROTATES
AT. SAME RATE AS THE
MEAN RATE OF THE
EARTH ASOUT ‘I'H! SUN

- Figure 1-7. Motion of O rhit Plane in Sun-
' Synchronous Orbit

< west

n+h ynﬂ n+3

n+2

REV n+14 (NEXT DAY)

SATELLITE
. GROUND TRACE
n+t REV n

EQUATOR

9:06 9:23 9:49

NOTE: MEAN SUN TIME = 9:30 FOR ALL REVS.

P.:ﬂ l9:36ff 9:30

LOCAL TIME OF
EQUATORIAL CROSSING

o | : h —ele— P S 4 oo © b e TIME ZONES
b T _1 g - + - ™ =150 EAck

Figure 1-8. Variation in Local Time of Equatorial Crossing
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Figure I-9. Local Time — Variations Within an Orbit

The local time that the satellite crosses over a
given point at latitudes other than at the
equator will also vary due to (1) the time the
satellite takes in orbit to reach the given point
(103 minutes is required for one complete
revolution), and (2) the time zones crossed by
the satellite as it transverses its orbit.

Figure |-9 illustrates these effects on local
clock time for various points in a typical orbit
as a function of latitude. '

The foliowing procedure can be used to deter-
mine the local clock time and the day when
the satellite will pass over any position in the
world: '

1. Define the latitude (81° N to 81° S)
and longitude (+180° to —180°) of the
position of interest.

2. Define the approximate descending
node as follows:

_ I-5

‘a. Locate the latitude of the point of
interest on the ordinate of Figure
1-10.

1L wtuom | [ T
FHH AT
el AT L] S
_- . T
E =i/ R
&T:'“*‘,. ': ol'ltﬂlllk e i
i‘ 'lj;' Z - ] — A 4’_.
[T A o
SNy _
{8 ﬁ '/ :- B I
s - i ] --'T'

MM MM N BN P BENW BN RN

A LORGITUBE (DESMEED

Flgure 1-10. Satellite Longitude Corrections

{Measured from Descending Node)
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LONGITUDE CORRECTIONS
. DESCENDING NODE PARAMETERS

b. Read the value of A io.ngitu'de frdm
the curve. o .

c. Add the A longitude' to the longi-
tude of the point of interest. If the

value of the result is more negative

than —180°, add 360° to the result.-
or

If the value of the result is more
positive than +180°, add —360° to
the result, carefully noting algebraic
signs. '

3. Find the actual descending node as -
follows: '

a. Using Table I-3, find the value of
descending node nearest to the
value determined in step 2-c This
represents the descending node of
the actual satellite orbit revolution
that will image the point of inter-

Table I-3. - Descéhdiny Node Parameters * (Continye(/}

Longitude (deﬁi of

Greenwich Mean

est.

Table 1-3. Descending Node Parameters™

Greenwich Mean |
Longitude (deg) of |Orhit | Orhit Tims of
Descending Node { Day { Number| Descending
(Equatorial Crossing)] M N Node
- .94 3 38 09:11
- 237 4 52 09:17
- 3.8 5 66 09:22
— b.24 ] 80 09:28
- 6.67 7 94 09:34
- 8N 8 108 08:40
- 9.54 9 122 09:45
- 10.97 10 136 09:51
- 121 1" 150 09:57
- 13.84 12 164 10:03
— 15.28 13 178 10:08
- 16.71 14 192 10:14
- 18.14 15 206 10:20
- 19.58 16 220 10:25
- 21:0 17 234 10:31
~ 2244 18 248 10:37
— 23.89 1 111 10:43

Oibit| Osbit |  Timeof
Descending Node | Day {Number| Descending
(Equatorial Crossing)] M | N Node
- 2532 | 2 25 10:48
— 26.75 3 38 10:54
- 28,19 4 .53 11:00
- 2062 5 67 11:06
~ 31.06 6 81 1:11
- 3249 7 95 11:17
- 33.92 8 109 11:23
: 9 123 11:29
10 137 11:34
1 151 11:40
12.| 165 11:46
a1 13| 179  11:52
53 14 193 11:57
~ 43,98 15 267 12:03
~ 45.39% 16 221 12:09
— 46.83 17 235 12:14
- 48.26 .18 243 12:20
~ 49.70 1 12 12:26
- 51.14 2 26 12:32
~ 52,57 3 40 12:37
~ 54.01 4 54 12:43
; ~ 55.44 5 68 12:49
~ 56.87 ] 82 12:55
~ 58.31 1 96 13:00
- 59,74 8| 110 13:06
- 61.17 9 124 13:12
~ 62.61 10 138 13:18
- 64:04 1| 152 13:23
- 65.48 12| 166 13:29
¢ — 6681 13 180 13:35
- 68.34 14 194 13:41
- - 69.78 15 208 13:46
- n.a 16 222 13:52
- 72.64 17 236 13:58
— 74.08 18 250 14:03
- 76.52 1 13 14:09
- 76.95 2 27 14:15
- 78.39 3 41 14:21
- 79.82 4 55 14:26
- 81.26 5 69 14:32
- 82.69 6 83 14:38
- 84.12 7 97 14:44
~ 85.56 8 11 14:49
~ 86.99 g 125 14:55




Table I-3. Descending Node Parameters* (Continued)

Greenwich Mean
Longitude (deg) of | Orbit| Orbit Time of
Descending Node | Day |Number| Descending
(Equatorial Crossing] M M Node -
-~ 88.42 10 139 15:01
— 89.88 11| 153 1507
- 91.29 12 167 | 15:12
- 92.73 13 1181] 1518
— 94.16 14 195 15:24
— 9559 15 209 - 15:30
- 97.03 16 223 15:3b
- 98.46 17 237 15:41
- 99.90 18 251 15:47
-101.34 1 14 15:52
-102.77 2 28 15:58
-104.20 3 42 16:04
-105.64 4 56 16:10
-107.07 5 70 16:15
—108.51 6 84 16:21
-109.94 7 98 16:27
~111.37 8| 112 16:33
~112.81 9| 126 16:38
-114.24 10 140 16:44
-115.68 11 154 15:8)
-117.1 12 168 16:56
-118.54 13 182 17:0
-119.98 14 196 17:07
-121.4 15 210 17:13
-122.84 16 224 17:19
-124.28 17 238 17:24
-125.72 18 252 17:30
(1) (1)
-1217.1% 2 15 17:36
-128.59 3 29 17:41
-130.02 4] 43 17:48
-131.46 5 57 17:53
-132.89 6 n 17:59
-134.32 7 85 18:04
-135.76 8] 99 18:10
-137.19 9 113 18:16
-138.62 10 127 18:22
—140.06 1 141 18:27
-141.49 12 155 18:33
—142.93 13 163 - 18:39
-144.36 14 183 18:45
-145.79 15 197 18:50
-141.23 16 21 18:56
—148.66 17 225 19:02
-150.09 18 239

19:08

1-7

Table I-3. Descending Node Parameters* (Continued)

' _ ‘|Greenwich Mean

| Longitude (deg) of |Orbit | Orbit Time of

_D__laépndim,ﬂode Day |Number] Descending
| (Eqiistorisl Crossing)| M | N Nade
<15154 0 |1 2 19:13
© -152.87 . 2 16 19:18
-154.40 3 30 ' 19:25
. ~155.84 4 a4 19:31
-151.27 -5 58 19:36
~158.71 6 72 19:42
. ~160.14 1 - 86 19:48
- -161.57 B 100 19:53
~163.01 9 114 19:59
-164.44 10 128 20:05
-165.87 1 142 20:11
-167.31 12 156 20:16
-168.74 13| 170 20:22
-170.18 14 184 20:28
-171.61 15 198 20:34
~173.04 16 212 20:39
-174.48 17 226 20:45
-175:91 18 240 20:51
-171.35 1 3 20:57
-178.79 -2 17 21:02
+179.78 3 31 21:08
+1178.35 .4 45 21:14
+176.91 5 59 21:19
+175.48 o 73 21:25
+174.04 7 87 21:31
+172.61 8 101 21:37
+171.18 9 115 21:42
+169.74 10 129 21:48
+168.31 1 143 21:54
+166.87 12 157 22:00
+165.44 13 171 22:05
+164.01 14 185 22:11
+162.57 15 199 22:17
+161.14 16 213 22:23
+159.7 17 221 22:28
+158.27 18 241 22:34
+156.83 1 4 22:40
+155.40 2 18 22:45
+153.96 3 32 22:51
+152.53 4 46 22:57
+151.00 5 60 23:03
+149.66 6 74 23:08
+148.23 7 88 23:14
+146.79 8 102 23:20
+145.36 9 116 23:26
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DESCENDING NODE PARAMETERS

Table 1-3. Descending Node Parameters® (Continued) - Table-1-3. :Dascending Node Parameters* (Continued)
_ - | Greanwith Msan IR ) " | Greenwich Mea
Longitude (deg) of | Orbit | - Orbit Time of Longitude (deg) of | Orbit | Orbit |  Time of
Descending Node |  Day | Number| Descending | Desconding Node | Day | Number| Descending
(Equatarial Crossing) | M N Node { .| [{Equstorial Crassing) { M [ N Node

+14393 | 10 | 130 | 23:31 | "+ 78,30 1 7 | 0350

+142.49 1 144 2337 || + 17.96 2 | 03:55

+141.06 12 158 23:43 : -+ 76.51 3 - 35 04:01-

+139.62 13 172 23:49 -+"'7§§08 4 - 49 04:07

+138.19 14 | 186 23:54 + 73.64 5 63 04:13

+136.76 15 | 200 00:00 + 72,21 8 77 04:18

+135.32 165 | 215 00:06 +70.78 7 | 9 04:24

+133.89 17 224 00:12 ' + 6.9_;34 8 106 04:30

+132.46 18 242 06:17 ' + §7.91 9 119 04:36

+131.01 1 5 00:23 ~+ 66,48 10 133 04:41

+129.58 2 19 00:29 + 6504 11 ! 187 04:47

+128.15 3 33 00:35 : + 63.61 12 161 04:53

+126.71 4 47 00:40 + 62,17 13 {175 04:58

+125.28 5 61 00:46 + 60.74 14 189 05:04

+123.84 6 75 00:52 + 5931 15 203 05:10

+122.41 7 89 00:57 y _+.6187 | 1§ 217 05:16

+120.98 8 103 01:03 + 5644 17 231 05:21

+119.54 g | 117 01:08 + 56.01 18 | 245 05:27

+118.11 10 131 01:15 .+ 53.56 1 8 05:33

+116.68 11 145 " 01:20 + 52.13 2 22 05:39

+115.24 12 159 01:26 + 50.70 3 36 05:44

+113.81 13 173 01:32 + 49.26 4 50 05:50

+112.37 14 187 | 01:38 +47.83 5 64 05:56

+110.94 15 201 01:43 + 46:39 6 78 06:02

+109.51 16 215 01:49 + 44.96 7 92 06:07 |

+108.07 17 | 229 | 01:56 + 43.53 8 | 106 06:13 |

+106.64 18 243 02:01 +42.08 g 120 | 06:19

+105.20 1 6 02:06 + 40.66 10| 134 06:25

+103.76 2 20 02:12 +.39.23 n 148 06:30

+102.33 3 34 02:18 + 32.79 12 162 | 06:36

+100.90 4 48 02:24 +36.36 13 176 06:42

+ 99.46 5 62 02:29 +34.82 14| 190 06:47

+ 98.03 B 76 02:35 i + 33.49 15 204 06:53

+ 96.59 7 90 02:41 + 32.06 16 218 | 06:59

+ 95.16 - 8 104 02:47 .+ 30.62 17 232 07:05

+ 93.73 9 118 02:52 -+ 29.19 18 246 07:10

+ 92.29 10 132 02:58 + 21.75 "1 9 07:16

+ 90.86 1 146 03:04 + 26.31 2 23 07:22

+ 89.42 12 160 03:09 , + 24:88 3 37 07:28

+ 87.99 13 174 03:15 : + 23.45 4 51 07:33

+ 86.56 14 188 03:21 + 22.01 5 65 07:39

+ 85.12 15 202 03:27 : + 20:58 6 79 07:45

-+ 83.69 16 216 03:32 + 19.14 7 93 07:51
+ 82.26 17 230 03:38 : + 1.1 8 107 - 07:56
+ 80.82 18 244 03:44 , + 16.28 9 121 0802
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Table 1-3. Descending Node Paran eters® (Continued}

Greenwich Mean
Longitude (deg) of |Orbit | Orbit Time of
Descending Node | Day | Number| Descending
(Equatorial Crossing)| M N _ Node .
- +1488 ° |18 135 08:08
+ 13.41 11 |- 149 08:14
+ 11.97 12 163 08:19
+ 10.54 13 17 08:25 -
+ 9.1 14 191 08:31 -
+ 17.67 15 205 -08:36 .-
+ 6.24 16 219 08.42
+ 4.81 17 233 08:48
+ 3.37 18 247 08:54
+ 1.93 1 10 '08:58
+ .50 2 24 08:05

*This table contains parameters for a typical orhit. The
table will be republished after launch with parammrs
corresponding to the exact orbit.

b. The orbit day, orbit number. and

the Greenwich Mean Tlme (GMT)
of the descending node can b2 read
from the table.

4. Determine the GMT at the position of

interest as follows:

. Locate the latitude of the positi'on

of interest on the ordinate of the
graph of Figure 1-11.

. Read the A time from the curve.

. Add the A time to the GMT of the

descending node determined in step
3-b, carefully noting algebraic signs.

. Determine the Standard Mean (L.ocal)
Time of satellite passage over the posi-
tion of interest '

a. Determine the number of hours be-

tween the local time zone and the
Greenwich time zone from Figure
I-12.

1-9

CunrEC FION PROCELVURE L XAMILE
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Figure I-11. Time Difference Measured from
Descending Node

b If the longitude of the position of
interest is west of the Greenwich
meridian, subtract the number of
hours from the GMT determined in
step 4-c.

or

if the iongitude of the position of
interest is east of the Greenwich
meridian, add the number of hours
to the GMT determined in step 4-c.

The following example illustrates the proce-
dure:

. Step 1

Point of Interest: Latitude = 45° North
Longitude = -120° West

ORIGINAL
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Figure 1-12. Time-Zone Map of the World
’ -
Step 2 when imaging of the desired point will occur

From Figure 1-10, the A longitude for 45°
north latitude is —12.5°. The approximate

descending node longitude is then (—120°) + .

(—12.5°) or —-132.5°. Since this does not fall
outside the limits of —180° to 180° there are
no adjustments required.

Step 3
The closest descending node from Table I-3 is
--132.89°. Hence, imagery will be taken of the

desired point on day 6 in revolution 71. The
GMT at the descending node will be 17:59.

Step 4

From Figure |-11 the A time for 45° North

Iatitude is —13 minutes. Hence, the GMT

< TTIINAL

is (17:59) + (—:13) or 17:46.

Step 5

From Figure 1-12 the number of hours from
Greenwich at the desired location is 8. Since
the desired location is West of the Greenwich
meridian, subtract 8 hours from 17:46 or
9:46. This is the Standard Mean (local) Time
of dmiaging the desired location.

Note that Table -3 is for a typical orbit, that
is, the exact longitudinal placement of the
ground traces cannot be determined before
launch. Actual placement of ground traces
wifl be determined post.launch and a table for
the: exact orbit ground traces will then be pro-
vided as a replacement for Table I-3.




APPENDIX J
~ ORBIT CONTROL

. '\‘

Several significant characteristics of the: §RTS
orbit are discussed in this appendlx ﬁlhlch
have been selected to enhance the utlt&ty of
the returned imagery. In general, these c’xarac-
teristics have been selected to mimm:za‘yarla-
tions in observation conditions and provide a
systematic process of imagery collection.
Precise control of the orbital parameters is
required for the attainment and maintenance
of the desired characteristics. Hence, the
ERTS spacecraft includes an orbit adjust
capacity which is used to attain the orbit
initially and maintain this orbit throughout
the life of the mission.

The orbit adjust subsystem is a monopropel-
lant system consisting of three rocket engines
fed by a common propellant/pressurant tank.
The three thrusters are aligned to provide
impulse along or opposed to the spacecraft
velocity vector and atso perpendicular to the
orbital plane. Each thruster imparts a t_hrust
of approximately one pound force.

J.1 ATTAINMENT OF REQUIRED ORBIT

The Delta launch vehicle injects the spacecraft
into its final orbit to within the limits of the
errors inherent in the launch vehicle system.

Launch vehicle errors at injection are random
andfdan be"of magnitudes which impact the
des( ed observation’ characteristics. When re-
quitéd, the spacecraft orbit adjust capabilities
are ‘utilized after spacecraft separation to
remove any residual launch vehicle injection
errors. '

The orbital parameters most critical to pro-
viding the desired imagery characteristics are
the semi-major axis (or equivalently the
period of the orbit), the inclination, and the
eccentricity. For ERTS, a unique combina-
tion of orbital period and inclination are re-
quired to establish the desired coverage pat-
tern and sun synchronism. Errors in
eccentricity will also affect these character-
istics. However, for the expected range of
injection errors, the eccentricity errors have a
negligible effect compared to the effect of
inclination and period errors.

J.1.1 Period Errors

The maximum expected injection error in the
orbital period- exceeds by a wide mardin the
accuracy required for satisfactory systematic
coverage and cross-track repeatability. For
example, an injection period error of only one

ORIGINAL
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ERRORS AND CORRECTION
MAINTAINING REQUIRED ORBIT

percent of the maximum (30) error will result
in a 35 kilometer sidelap error in the. sacond

18-<day cycle relative to imagery from “the

corresponding revolutions in the first 18-day
¢ycle. This error, as illustrated in the lower

* left portion of Figure J-1, will continug to .
expand with time- resulting in a relative error‘ -
of .approximately’ 750 kilometers after one .

year.
J.1.2 Inclination Errors

Injection inclination errors cause a drift in the
time of the descending node and also imagery
sidelap errors. Without an orbit adjustment
capability, an injection inclination error equal
to the maximum (30) error will resuit in a
relative sidelap error of 417 kilometers after
one year. These inclination effects can be
compensated by adjusting the orbital period.

J.1.3 Error Correction

Thus, injection penod errors have to be_ re-
moved and compensation provided fof:tl

inclination error.
accomplished by utilizing one of the ‘two
thrusters which impart impulse along: the
velocity vector. Because of the one pound
force of these thrusters, the weight of: the
spacecraft, the magnitude of the period
adjustment, and other scheduling criteria, the
period adjustment process can take up to 6
days from injection to completion. A typical
adjustment sequence consists of:

b

1. Several days to ascertain spacecraft
health, to track, and to determine
maneuver requirements

2. Several consecutive orbits with ap-
proximately 20-minute rocket flrmgs
on each orbit

3. Several orbits to track and ascertain
that adjustments were executed as
planned

4. Continued interspersing of several
orbits of adjustments with several
orbits of tracking until the correct
orbit has been attained

Y

Théﬁ"_iaUnch,vehicle can inject the spacecralt B
into-an orbit with an eccentricity of accept-

“able accuracy. However, an orbit with circular

charactenstucs is most preferable to minimize
the. vanatlons in observation altitude. It is
somatumes possnble when adjusting the period
of the orbnt to schedule the adjustments to

- mare nearly circularize the orbit. Therefore,
“when period adjustments. are required and

whéh they can be scheduled to circularize the
orbit, the injection eccentricity errors will be
rediuced. Otherwise, no orbit adjustments are
planned to specifically remove injection
eccentricity errors.

J.2 MAINTENANCE OF REQUIRED ORBIT

Several forces (such as: atmospheric drag, the
gravitational attraction of the sun and moon,
and: the spacecrzft’s own attitude control
mass expulslon subsystem) act upon the
spanecraft after the desired orbit has been
atta}' ed. ,Tbtese forges cause changes to the
ompromise the desired coverage
epeatability characterlstucs The orbit to
he ‘irfjectionierror removal process will
'_;mrgéted +as been selected to minimize the
effacts -of .thesé subsequent forces on the
desrred'covérage characteristics. Nonetheless,
orbit adjustment will occasionally be required
durmg the mission to compensate for these

forcesﬁ

Durmg the flrst several weeks of the mission,
sevg__ral small although significant perturbing
factors (e.g., the force due to the attitude
control system mass expulsion subsystem)
will::be determined. Once these factors are
determmed -they will be included in orbit
plannmg operataons to minimize the number
of ‘subsequent adlustments Several small
adjustments’ may be necessary during this
period to optimize the desired coverage char-
acteristics. These adjustments are minor and
will. be scheduled so not to interfere with
imaging operatcons

SubSequent to the first-several weeks of the
mission, the requirements for adjustments will
become minimal, systematic, and predictable.
The requirements for these adjustments result
from the perturbing forces on the spacecraft




which, over long periods ¢f time, cause pre- -
dictable perturbations to the orbit. The sig-
nificant impact of these perturbations:is a

systematic cross-track drift of imagery- !rom-
revolutions of one 18-day, Earth coverage -
cycle relative to imagery i.om corresponding _
revolutions of other 18-day cycles: durlng the

mission. Orbit adjustments will be: sche

led . .
to limit this cross-track |magery dnft gb 37A .

DRIFT AND ADJUSTMENT PROFILE

'kllomaters during the entire mission. Figure
J-1 shows a typical drift and adjustment pro-
file. Acceptable coverage can be maintained
oyer..a one-year mission by several small
orbifal period adjustmonts. These adjustments
| are. xanly of ‘several ‘seconds duration and are
'_ \_sdhoduled over primary ERTS ground stations
' _'._dunng night time portions of the orbit, so not
.to mterfere with imaging operations.
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Figure J-1. . Typical Cross-Talk Drift of Ground
Trace and Period Adjustment Profile
ORIGINAL.

J-34 '

SEPTEMBER 15, 1971




APPENDIX K
MISSION PLAI.NING

The spacecraft has access to all global area

between 81 degrees Nort. and 81 degrees
South Latitude every 18 days, & shown in
Figure 1-2 in Appendix |. However, due to
constraining factors both within ahd extérnal
to the ERTS systern, not all of this area can
be imaged all the time. The constramfp in-

.clude:

1. On- board tape recorder capaclty of 30
minutes maximum : i

2. On-board command memory .:g.apa-
bility for switching sensors on an;d off

3. Ground station availability and =con-
tact time duration :

4. Global landmass distribution
5. Ground scene illumination condi“frions

6. Cloud cover

MIDDIUIN F LNV

<+ "The purpose of the mission planning function
~ s to define .the sequence of spacecraft and
;. ground-station operations to maximize the
.'tmagery ylaid while operating within thesc
C,pns__tramts The: output is a time-ordered
-sequénce of everits which define all sensor,
- -widgband tape recorder, and assorted routine
-' fspac,)acraft functions. This sequence of events
- is:fhen used to dafine the specific commands
5 for ‘bperating the spacecraft. In addition, the
" misgion plannmg function defines the events
wht""h are to occur during every spacecraft/
Y -statfen contact

Theslbulk of the mlssmn plannmg operation is
doné once b day andresults in activity plans
for that day s operation. These plans are up-
datéd on an orbit-by-orbit basis as required to
include the latest cloud cover information and
to account for any last-minute anomolous
occyrrences such as ground station outages.

Figure K-1 illustrates the coverage for a
typical day’s operation. The spacecraft will
normally be scheduled to send realtime
{(diréct) data whenever it is concurrently over
an “area of interest’ and is within view of a
™
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DAILY LANDMASS COVERAGE

ground station that can receive ERTS data

' The three primary ERTS stations shown in -
Figare K-1 (NTTF, Goldstone, and Alaska) )
: prowde coverage of most of ‘North America ' : -

and real-time imagery transmission is normal-
ly scheduled during this time. Data recovery

- over the rest of the globe is performed by -

' - recording the data on the on-board wideband
video tape recorders and playing back during

~ subsequent ground station contacts. -

The bar chart of Figure K-2 shows the total
time during daylight when the spacecraft is
over any land area for one day's operation,
and the amount of land area that can typical-
ly be imaged by the spacecraft. Figure K-2
corresponds to the typical day of Figure K-1.
During remote operations the spacecraft has
access to much more coverage area than ‘can
be accommodated by the wideband tape
recorders. Therefore, a selection process is
required to determine which areas are to be
recorded during any given remote operation.
To assist in this selection process, a system of
priorities is used for all coverage areas of the

world. By scheduling payload operations

based on these priorities, coverage of the a’keas
of greatest investigator interest is assured.

In order to. establish ‘the priorities several
factors must be consudered These include:

' SCIGI'\tIflC |mportance of the area - is
.'-'there investigator interest in a given
area and how often need it be imaged?

SeaSOn of the yeai - - when is imagery
of'that area most/least desirable?

3. Ltghtmg conditions — image quality
~ varies with scene contrast and bright-
ness which ‘in” turn varies with local
'sun-angle; what lighting conditions are
requiired for. the given scene?

- 4..Time since the area was last imaged —
*:how recent is the imagery for that
- areaywas it obscured by clouds?

The priorities in the system are quite dynam-
ic, in that.they must be periodically updated
to reﬂect changes in the desirability of imag-
'mg_‘,;;: he  various areas. The investigator's
requests fo:: data provide information to the
ERTS Pro;ect to assist in defining the various
areas of mterest and prlontles

3% ~ .I | O AVAILABLE LANDMASS
30 ] TYPICAL SENSOR COVERAGE
5 -
g “r T 2 ] e ]
o . “Nall
- w L ' é - -T
5 | % ;  '.':-
“n ht1 n+2 n+3 o0+4 n+5 ~n+6 'NE n+vl_'-'

ORBIT NUMBER

Figure K-2. Available Landmass and Typical Daily Coverage
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Predicted cloud cover data ‘5 used in mission
planning to minimize the ni:mber of obscured
images. Prediction data is received from
National Oceanographic & Atmospheric
Administration (NOAA) on a periodic basis
and the spacecraft schedule ‘s updated as near
as possible to the upcoming data pass to in-
clude the most recent cloud information. Due
to spacecraft command constraints, the
sensors and recorders can be switched on and
off only a timited number of times; hence,
sorme imagery of fully cloud-covered areas
may be taken. '

The decision not.to schedule sensor operation
over a given area depends both on the per-
centage cloud cover expected and the degree
of investigator interest in that particular area.

K-3/4

Areas of very high investigator interest are
normally scheduled even though a fairly high
percentage of cloud cover is predicted. Areas
of low, of no investigator interest tend not to
be scheduled eveh for a lesser percentage of
cloud cover. The objective is to maximize the

-number of cloud-free images while at the

same time making every attempt to image the
areas of greatest interest.

The possibility of cloud obscured scenes has

- one major implication to investigators ‘who
- require periodic repeating coverage. Since the
“satellite has access to a given scene only once

every 18 days (except for higher latitudes—see
Section 1.2), cloud cover could result in the
repeating coverage being interrupted for
periods of 36, 54, or more days for any par-
ticular scene.
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APPENDDYTL
SUN ELEVATION EFFECTS

The choice of orbit for ERTS causes the |

spacecraft to pass over the same point on the
earth at essentially the sai.ie local time every
18 days. However, even though the local time
remains essentially the same, changes in solar
elevation angle, as defined in Figure L.-1,
cause variations in the lighting conditions
under which imagery is obtained. These
changes are due primarily to the north/south
seasonal motion of the sun. '

Changes in solar elevation angle cause changes
in the average scene irradiance as seen by the
sensor from space. The change in irradiance is
influenced both by the change in intrinsic
reflectance of the ground scene and by the
change in atmospheric backscatter. Exposure
time of the RBV will be varied by ground
commands to accommodate the changing
illumination levels. At certain times of the
year imagery will not be obtained in the high
and low latitude regions of the earth due to
inadequate scene illumination.

The actual effect of changing solar elevation
angle on a given scene is very dependent on

i SOLAR ZEMTW
' ANGLE

SOLAR
ELEVATION .
ANGLE TANGENT

o — | EANTH €L Limgorp

PLANE

SUBSATELLITE
POINT

Figure L-1. Sola} Elevation Angle

the scene itself. For example, the intrinsic
reflectance of sand is significantly more
sensitive to changing solar elevation angle
than are most types of vegetation. Due to this
scene dependence, each type of scene must be

_evaluated individually to determine the range

of solar elevation angles over which useful
imagery will be obtained.

Figure L-2 shows the solar elevation angle as a
function of time of year and latitude. This

family of curves is for a 9:30 a.m. descending

SUBSATELLITE LATITUDE {DEGREES)

T MAR M Ay

7’

L ALY

kL

SOLAR ELEVATION ANGLE
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'Fiyu;é L-2. Solar Elevation Angle Hiitory as a Function of Subsatellite

Latitude — Descending Node at 9:30 a.m.
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8

" possible sensor -operation (i.e., daylight) for

~ SOLAR ELEVATION PARAMETERS

node time which is the nominal expected time
of -equatorial crossing for the satellite. By
drawing a horizontal line for a given latitude,
the solar elévation angle can be determined
for. any time of year. Portions of this data
have been transferred to the global maps in
Figure L-3. These maps show the range of

the various seasons. Depending on the scene,
it may or may not be possible to obtain useful
imagery at the lower solar elevation angles. At
solar elevation angles greater than 30 degrees,
it is expected that all scenes can be satisfac-
torily imaged. :

Two other parameters may -affect the local
solar elevation angle. These are the ERTS
launch window and perturbations to the
orbit. The launch window (allowable faunch
time variation) is plus 30 and minus .zero
minutes, which results in a possible descend-
ing node time anywhere in the range of 9:30
to 10:00 a.m. The effects of launch time vari-
ations on solar elevation angle are shown in
Figures L-4 through L-6 for various latitudes.

© L S0LAR ELEVATION
e 1-‘ ANGLE

. GOMATOR.

‘SUMBIER SOLSTICE

WINTER SOLSTICE

MNTS OF SATELLITE COVERASE: 11°% TO 8198 LATITUDE

Figukie L-3. Seasonal Vaiiaiions in
Solar Elevation Angle — 9:30 a.m.
Descending Node
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Figure L-4. Launch VWné’ow and Orbit Penurbing Effects on Solar Elevation Angle at 0 Degrees Latitude

‘NAL . - -




Whatever time the spacecr:ft is launched, the
local times would then re 11in fixed through-
out the mission were it not for perturbing
forces to the orbit. These forces, such as
atmospheric drag and the sun’s gravity, will
shift the time of descendi 3 node throughout
the year, resulting in changes to the nominal

solar eilevation angle. The changes due to
these perturbing effects are also shown in
Figures L-4 through L-6. Under worst case
conditions, the solar elevation angle changes
due to perturbing forces will amount to no
more than 4 degrees throughout the year.
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Figure L-5. Launch Window and Orbit Perturbing Effects on Solar Elevation Angle at 30 Degrees North Latitude
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Figure L-6. Launch Window and Orbit Perturbing Effects on Solar Elevation Angle at 50 Degrees North Latitude
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APPENDIX M
. LIST OF NASA
PRINCIPAL INVESTIGATORS

At the time this document went to press,
identification of the principal investigators of
ERTS data was not complete. A compre-
hensive list will be published as a supplement
to this document at a later date. '

M-1/2
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APPENDIX N-
SAMPLE PRODUCTS

A pocket is provided on the inside of the back
cover of this document for the storage of
sample products. These products will be sup-
plied later as an addendum to this handbook.

N-1/2
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A/D
AGC
AMS

BIT
bps
BPS
BTE

Cc&DH

CCC
CCT
Ciu
cpP

D/A
DCP
DCS
DCS/RSE
DCST
DEMUX
DID
DTR
DTU

EBDIC

EBR
EBRIC

ELC
EMI
ERTS

EU

FFS
FFSPS
FOV
FSK

GCE
GCP
GDHS
GMT
GPE
GSFC

LIST OF ACRCNYMS

Analog to Digital _
Automatic Gain Control
Attitude Mea' iring Subsystem

Bench Integration Test
Bits per second

Bulk Processing Subsystem
Bercly Test Equipment

Communications and Data Hand-

ling .

Camera Controller Combiner
Computer Compatible Tape
Command Integrator Unit
Communications Processor

Digital to Analog

Data Collection Platform

Data Collection System

DCS Receiving Site Equipment
Data Collection System Tape
Demultiplexer

Digitat Image Data

Digital Tape Recorder/Reacer
Data Transfer Unit

Extended Binary Decimal Inter-
change Code

Electron Beam Recorder
Electron Beam Recorder Image
Correction

End of Line Code
Electromagnetic Interference
Earth Resources Technology
Satellite

Electronics Unit

Full Field Source

Full Field Source Power Supply
Field of View

Frequency Shift Keying

Ground Checkout Equipment
Ground Control Point ,_
Ground Data Handling System
Greenwich Meridian Time
Ground Processing Equipment
Goddard Space Flight Center,

HDDT
HSD

1AT
ID
{FOV

kbps

LNS
LSB
LTC

MO
MSFN
MSS
MTF
MUX

NASCOM
NBTR
nd
NDPF
NRZ
NRZ-L
NTTF

OAS
OcCC
OoDG
OGO

PAM
PCM
PDU
PM
PPF
PPS
PRN
PSK

RBvV
REA
RSE

s/C
SIAT
SMDE

High Density Digital Tape
High-Speed Data

Image Annotation Tape
Identification
Instantaneous Field of View

Kilobits per second

Link Noise Simulator
Least Significant Bit
Light Transfer Characteristics

Moments of Inertia

Mannad Spare Flight Network
Muitispectral Scanner
Modulation Transfer Function
Multiplexer

NASA Communication Network
Narrowband Tape Recorder
Neutral Density

NASA Data Processing Facility
Non-Return to Zero

Non-Return to Zero Logic
Network Test and Training Facil-
ity

Orbit Adjust Subsystem
Operations Control Center

Orbit Determination Group
Orbiting Geophysical Observa-
tory

Pulse Amplitude Modulated
Pulse Code Modulation
Power Distribution Unit
Photo Multiplier

Photographic Processing Facility

Precision Processing Subsystem
Pseudo-Random Noise
Phase Shift Keying

Return Beam Vidicon
Rocket Engine Assembly
Remote Site Equipment

Spacecraft
Special Image Annotation Tape
Scan Mirror Drive Electronics
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ACRONYMS
SME TO WTS

SME
SNR
SPDT

SPS
5/5
STADAN

STC
STE
STS

TBD
BV
T/C
TCS
TPG
TT&C

“NAL

Scan Mirror Electronics
Signal-to-Noise Ratio

Spacecraft Performance Data

Tape. _
Special Processing Subsystem
Subsystem

Satellite Tracking and Data
- Acquisition Network

Scanner Temperature Controller
Special Test Equipment
Scanner Test Set

To Be Determined

To Be Verified

Time Code

Thermal Control Subsystem

Test Pattern Generator
Telemetry Tracking and Com-
mand '

TU .

UHF -
USB
UT™M

VIP
VPASS

VPIR

WBT
WBVTR
WTS

- Transport Unit

UIfra-High Frequency

Unified S-Band
Universal Transverse Mercator
(map coordinates)

"Versatile information Processor

Video Processor ahd Sync Sepa-
rator

Video Processor and lmage Re-
corder

Wideband Transmitter
Wideband Video Tape Recorder
Wideband Telemetry Subsystem




The enclosed supplement to the ERTS Data Users Handbook has been prepared by pcrsonnel
in the U.S. Geological Survey to describe the EROS Program Data Center at Sioux FFalls,
South Dakota. Please incorporate this material in the ERTS Data Users Handbook which

you recently received in the mail.



SUPPLEMEN <
to the :
ERTS DATA USERS HANDBOOK
Prapared by
EROS Program, U.S. Geol~gical Survey

A Data Center in Sioux Falls, South Dakota,
is operated by the EROS Program of the
Department of the Interior to provide access
to ERTS imagery for the general gublic,
industry, educational institutions, and foreign
and domestic government agencies at all
levels. The Center serves all persons and
groups not qualified, as ERTS Principal in-
vestigators, to receive the imagery directly
from NASA.

In addition to the reproducible ERTS
imagery, the Center also holds NASA aircraft
imagery, current USGS aerial photography,
and computer compatible tapes of ERTS and
NASA aircraft data. Facilities are available for
imagery storage, retrieval, reproduction, and
dissemination, and for user assistance and
training.

The EROS Data Center is presently located
at:

10th & Dakota Avenue
Sioux Falls, South Dakota 57101

This is a temporary location until the perma-
nent center is completed at a site north of
Sioux Falls. The same services and products
that are available at the interim facility will be
available at the permanent Data Center.

PRODUCTS

All products of the EROS Data Center are for
sale. Price lists are available on request.

ERTS Imagery

ERTS imagery, originally processed at the
Goddard Space Flight Center, NASA Data
Processing Facility (NDPF), is a significant
part of the Data Center imagery file. Each
scene, covering 10,000 square nautical miles,
is imaged seven times from ERTS-A and eight

times from ERTS-B: three images from the

- Return Beam Vidicon {RBV) and four or five

images from the Multispectral Scanner (MSS).
The raw data are either bulk-processed and
provided to the Data Center in the form of
70mm film, or precision-processed and pro-
vided on film at a scale of 1:1,000,000. The
Data Center has a. catalog of the ERTS
imagery and a browse file including only one
RBV image and one MSS image per scene for
evaluation of coverage and cloud cover. The
image formats are the same as those available
from the NDPF. '

Copies of bulk-processed individual images
and color composites, derived by processing
the three RBV and four MSS images together,
may be purchased as:

contract paper prints

roughly

contact film positives 2Y2 x 2Y2

. inches
contact film negatives

or

1:1,000,000 (3.38X roughly

enlargement) paper prints 9x9

inches

1:1,000,000 film positives including

marginal

1:1,000,000 filin negatives data

Copies of precision-processed images may be
obtained only at scales of 1:1,000,000 or
larger. These images have been rectified to
truly orthographic photographs and have been
overprinted with the UTM grid. Both in-
dividual images and color composites at
1:1,000,000 are available in various forms:

paper prints

roughly 9 x 9 inches,

fi iti . . -
ilm positives including marginal data

film negatives

Only about 5 percent of the images availabie
in the Data Center are. precision-processed.
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Orderé for all the above items will ordinarily
be filled within a week .of receipt of the
request. : :

Paper prints of individual bulk- 'or'precision-
processed images enlarged to 'a scale of
1:250,000, or a paper print color composite

at the same scale may be ordered. However, it .

will take at least two weeks to fill such a
request. : :

Orders for other forms of the ERTS imagery
will be honored whenever possible, but deli-
very time and costs will be determined on an
individual basis. Film negative and film posi-
tives of 1:250,000-scale - enlargements of
ERTS imagery are in this category.

NASA Aircraft Imagery

Imagery obtained by NASA, as part of its
Aircraft Program in support of the develop-
ment of Earth Resources Surveys by aircraft
and spacecraft, is processed at the Manned
Spacecraft Center. This imagery was acquired

for specific purposes and to varied specifica-

tions as to time, areal coverage, and sensors,
and is primarilty of test sites within the
continental United States. A catalog of this
imagery, and a browse file, is also at the Data
Center.

Copies of these images may be purchased at
contact scales and enlargements, in color or
black-and-white, on film or on paper. Each
image is reproduced with marginal informa-
tion that provides, among other things: frame
number, date, geographic coordinates, and

order number in an understandable code. A

request for reproductions is normally pro-
cessed within 1 week.

USGS Aerial Photography

Aerial photographs, made by the U.S. Geo-
logical Survey primarily for purposes of topo-
graphic and geologic mapping, are available
from the Data Center. The vast majority are

black-and-white, vertical photographs at a.

scale of approximately 1:24,000, and contact
prints are 9 x 9 inches. Because of the need to

‘see the ground surface, these photograpt

were usually made in the late fall or eari
spring. Coverage is of discontinuous are:
throughout the conterminous U.S., Alask

* Hawaii, and the Territories. The remainder a

either low oblique, taken with cameras tilte
approximately 200 from the vertical, or hig
altitude photographs. Both- are black-an
white, and in a 9 x 9 inch format. Catalogs :
the USGS photographs and a browse file f-
evaluation of coverage are available at ti
Data Center.

All photographs are available at contact scal
and enlargements, on film or on paper. Eac
scene is reproduced with marginal inform
tion that provides, among other things: fran
number, date, geographic coordinates, ar
order number in an understandable cod
Photographs obtained priu: to 1941 are he
by the National Archives and Record Servic
Material is available on request but not with
the normal 1-week reproduction time.

Magnetic Tapes

Computer-compatible magnetic tapes of bo-
ERTS data and NASA Aircraft Program da
are available for reproduction through tt
Data Center. Of the total ERTS data, about
percent of the raw RBYV data, about 5 perces
of the raw MSS data, and 100 percent of tt
precision-processed data are available in th
form. Tapes of data from Aircraft Prograi
investigations, as with NASA Aircra
imagery, cover a variety of sites and situ:
tions, but all that have been produced ar
available. :

Browse Files

The catalogs of ERTS imagery, Aircraft Prg
gram imagery, and USGS imagery produce
on 16mm film are available for purchase. Th
browse files have. two indexes to identif
scenes at high speeds: Kodamatic Indexd
Code Lines and Image Control. Each film.i
also designed so that it can be cut ang
mounted by the user for microfiche presenta
tion. Browse files for the ERTS data ar
updated every 18 days and are available on {




subscription basis. Updatin of the other
browse files is irregular and films must be
purchased individually.

Thematic or Special Subject h.aps
Thematic maps produced systematically or

mechanically from ERTS imagery are avail-
able at the Data Center. The special subjects

covered are: extent of standing water, .

infrared-reflective vegetation, massed works
of man, and snow cover. Maps are prepared
for the entire United States or parts thereof if
the subject, as for example snow cover, is not
applicable to the entire country. The maps dre
produced as single-color transparent overlays
to a base map series, both with UTM grid to
expedite registration.

The subject data are extracted periodically for
comparative purposes, in order to detect
changes in these dynamic phendmena. The
data for the overlays are also available on
magnetic tape.

SERVICES
Search and Retrieval

The EROS DATA Center staff is prepared to
assist in locating imagery to suit individual
needs. They respond to inquiries by tele-
phone, letter, and personal visits.

The computerized imagery storage and re-
trieval system is based on a geographical
system, including the UTM grid, supplement-
ed by such information as date and scale. The
staff will convert inquiries into searches of the
computer-based system. They will also assist
in ordering reproductions. Visitors to the
Center may consult the browse file to evalu-
ate the frames of particular -interest before
" placing a purchase order.

Assistance In Interpretation Techniques
Users who visit the Data Center will find

special equipment available for the manipula-
tion of the imagery, such as densitometers,

additive color viewers, and stereo viewers. The
scientific staff is available for consultation on

- the use of this equipment and on interpreta-

tive problems. :
Training

Periodically, the scientific staff at the Data
Center offers courses in various aspects of
remote sensing. The instructions offered are a
cartography course, an interpretation course,

‘and a scientific research course, all of which.

involve field and laboratory exercises.

The cartography course is designed to train
cartographers and engineers to appiy ERTS
data to mapping techniques. Topics covered
include: ERTS instrumentation and orbital
characteristics, space data characteristics,
ground control requirements, information ex-
traction techniques, and cartographic pro-
cesses.

The interpretation course is designed to train
resource scientists and managers to apply

" simple interpretation tools and techniques to

ERTS data. Topics covered include: the elec-
tromagnetic spectrum, ERTS instrumentation
and orbital characteristics, space data charac-
teristics, multidiscipline approach to remote
sensing interpretation, interpretation instru-
ment requirements, and ERTS imagery search
procedures.

The scientific research course is designed to
giveremote sensing scientists an opportunity
to study various research techniques in the
field of remote sensing. Topics covered are:
computer manipulation of digitat data, den-
sity slicing, and analysis of the color additive
process.

Details on course coverage, duration, sche-
dules, and costs may be obtained by writing
to:

EROS Data Center

Training Officer

10th & Dakota Avenue

Sioux Falls, South Dakota 57101
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APPENDIX A .
Page A-2, Figure A.1-1
In center of figure, change:

(100 um. X 100 gm) to (100 nm X 100 nm)

Page A-9, Figure A.2-3

Change: 1.63 MSEC to 1.43 MSEC
7.35 MSEC to 8.8 MSEC
10.2 MSEC to 9.0 MSEC
1000 WORDS to 903 WORDS

Corrected figures are reproduced below. These may be cut out and pasted over
the original drawings.

THREE BBV CAMERAS
MOUNTED N SPACECHAF_T

L———L—— 1.43 MSEC
185 km X 185 k
am ek, e
0.2 MS \ 1% POINT
' _ : fe— 8.8 msec
W g \d _ ' f——— GO MSEC ~—
- : DIRECTION OF .
DIRECT fe— 903 WORDS —o
Figure A.1-1 , Figuve A.2-3

APPENDIX |

For ease in reading data from the charts, full-page enlargements. of Flgures I-10
(page 1-5) and 1-11 (page i-11) are attached.
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GLOSSARY

Acruss-lrack - acrouss ihe direction of space-
craft ground track: somatimes cdlled horizon-
tal when referring te output product coor-
dinates.

Along-track — .in the direction of the space-
craft ground track; sometimes called vertical
when referring to output product coordinates.

Altitude - the distance from the nadir ground
point to the spacecraft.

Bulk Processing Subsystem — converts all
video data from RBV and MSS sensors to 55
by 55 (or 53) mm annotated and corrected
images, on 70 mm film,

Chatinel -~ there are 6 channels per MSS
spectral Bands 1, 2, 3, and 4, and 1 chann/el
for MSS speciral Band 5; hence, the MS§,§§ a
25-channel scanner. s
e

Contrast — the ratio of two.ddjanent scene
radiances expressed as a number equal to or
greater than one,

s

e
Earth Ellipsoid — the NASé_/"‘:l“pSOid which

is used to model the earth,.”
A

Format Center — ,g;fé"center of the RBV and |

MSS total image,“vriting area in Bulk Proc-
essing. MSS F# mat Center is identical to
RBV Forma’/~enter; the intersection of the
film reg.sijtion mark dijagonals, defined as
the georyiric extension of the spacecraft axis
to the 2drth's surface.

/e/cvﬁ:tric Accuracy
&

& Geographic ({latitude-longitude) —
based on the standard earth-fixed
coordinate reference system, which
employs latitude and longitude. -

¢ Positional — the ability to locate a

point in an image with respect to a
map.

- v N ‘ : 3]
" ACROSS-TRACK 10 OBGE RVAT 1}';“

® Scene Registration — the ability to
superimpose the same poinl in two
images of a scene taken at the samc
time (different spectral bands)

] Temporal Reglstratlon - the abilily {o
superimpose a point in two images of
the same scene taken at different
times  (same or different spectral
bands). T

o Tick Marks ~ positional marks placed
on imagery to enable a locational grid
coordinate system ‘.p be constructed.

I
Ground Control Point - PV fosL that has a
known location an the eartt.’s €litfsce which
can be identified in ERTS imagary.

-~

-G,round Track/Trace -- the stream o{ narth

surface points which pass directly under the
vehicle as it revolves in orbhit.

Image/Frame -- that data from one spectral
band of one sensor for a nominal framing area
of the earth's surface.

Image Processing Subsystems -~ receives video
data, image annotation, and correction data
to produce both film imagery and digital
image data.

Master Image — the 70 mm film output from:
video data as originally processed in Bulk
Processing; this image is held in archive.

Modulation Transfer Function .— the sine
wave amplitude response of a component
versus its spatial frequency.

Nadir — the intersection with the earth’s sur.
face of a line from the spacecraft perpendic-
ular to the nearest plane tangent to the earth
ellipsoid. -

Nominal — desired conditions within require-
ments.

Observation/Scene — the collection of the
image data of one nominal framing arca af the
earth's surface; this includes all data fromn
each spectral band of each sensor.
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GLOSSARY
G o ARY

ORTHOPHOTO TO UTM

Orthophotograph — a photograph of the earth
taken or rectified such that the optical axis of
the taking camera is perpendicular to the
- planc tangent to the earth’s surface at lhe
nadir point; this photograph can.then be used
as a map with appropriate annotation.

Platform — a Data Collection -,_System sensor
package on the earth’s surface._

Playback — the later transmission of data
which was recorded locally at the time of
occurrence.

Precision Processing Subsystem (PPS) — the:

PPS receives user-selected, Bulk-Processed
imagery and produces precision-located and
corrected imagery on 9-1/2 inch (241.3 mm)
film. :

Principal Point — the intersection with the
earth's surface of a line which is an extension
of the optical axis of an RBV camera. This
point differs from the format center by the
boresight angle error from nominal alighment.

Radiometric' — concerned with the combined
electronic and optical transmission of data.

Real Time — generally associated with data
transmission; transmission at the time of
occurrence, i.e., no delay.

Registration Marks — locations on the film
plane outside the image writing area of Bulk
Processing; there are four marks, one outside
each corner of the writing area, fixed in posi-
tion such that their diagonals intersect at the
format center, or center ol the tick mark
coordinate center.

Reseau — the rectangular grid pattern in-
scribed on the RBV faceplate.

T RITTNAL

—_—— = e

Saturation — the point at which additional
input energy to the sensor results in no
increase in sensor output. :

S/C Headfng - the direction of the spacecraft
velocity vector plus yaw in the plane formed
by the roll and pitch axes.

Sensor/Band ldentification — the RBV spec-
tral bands are identified as Bands 1. 2, and 3;
the MSS as Bands 1, 2, 3, 4, and 5.

Shading — varying output across the RBV

photoconductive surface when a uniform

input energy exposes it.

Skew — image distortion caused by scanning
the scene in a direction non-parallel to the
plane formed by the spacecraft and the in-
stantaneous ground tracx velocity vector.

Special Processing Subsystem (SPS) — the SPS
receives digitized image data from Bulk and
Precision Processing and produces digital
image data in a computer-compatible format.

Spatial — that which exists in the physical
world and can be located and described by

- linear dimensions.

Subsatellite Point — the intersection with the
earth's surface of a line from the spacecraft to
the center of the earth.

Swath — the dimension on the ground seen as
transverse to spacecraft velocity, within the
sensor field of view (FOV).

Temporal — that which exists in the physical
world and is not spatial, such as telemetry
information.

Universal Transverse Mercator (UTM) — the
standard ERTS imagery grid projection
system, '

ﬂl
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- REFENENCES

BIBLIOGRAPHY

The following docu ients provide directly
pertinent reference material for investigators
‘interested in additional detalled information
on selected topics.

- Remote Sencing

“Ecological Surveys From Space'’; Scientific
& Technical Information Division, Office of
Technology Utilization; NASA SP-230; Na-
tional Aeronautics and Space Administration,
1970.

“Remote Sensing of Coastal Waters Using
Multispectral Photographic Techniques';
Yost, Edward, and Wenderoth, Sondra; 1970.

Final technical reﬂGrt Luug laland Unlvef5|ty,
Greenvale, N.Y., Science Engineering Re-

search Group, report no. SERG-TR-10, Con-
tract N00014-67-C-0281, 1 January 1970;
219 pp.

Sensors

“ER1S Return Beamn Vidicon Carnera Flight
Equipment Subsystem — Interface Agreement
Document'; Document No. 70SD4258; pre-
pared by General Electric Company for God-
dard Space Flight Center, — Latest Revision.

“ERTS Multispectral Scanner Flight Equip-
ment Subsystem — Interface Agreement
Document’; Document No. 705D4259; pre-
pared by General Electric Company for
Goddard Space Flight Center, — Latest Revi-
sion.

“Final Report for Multispectral Point Scanner
Study and Multispectral Scanning Point
Scanner Camera System’; V. Norwood and J.
Lansing, HAS/SBRC, 30 January 1870.

DCS

“System Specification-Data Collection Sys-~
tem'’: Specification No. SVS- 7847; prepared
by General Electric Company for Goddard
Space Flight Center, — Latest Revision.

' "'Computer Compatlble Tape Format"

Gridding

“The Universal Grid System™; 1M 219
(Army), TO 16-1-233 (Air Force), 41
Government Printing Office, W.ashinglon,
D.C., 1951. :

Digital Image Tape Format

, 1CLY
No. (later).

“Users Manual for NDPF Data Base Query
Program'’, Document No. (later).

Photography

“An Evaluation of Photographic Image Qual-
ity and Resolving Power”, Otto S5chade
Journal of SMPTE, February 1964.

REFERENCE LIBRARIES

There are several reference libraries which
collect the current materials related to rcmots,
sensing of earth resources and assacialesl
technologies. These libraries are noted for
possible further reference.

EROS Program Library

Room 1109 801-19th Street, N.W.
Washington, D.C. 20242
Telephone (202) 343-7500

Maintains copies of reports generated by
EROS Program activities and general (cfer-
ences on remots. sensing of earth resources.
Materials may be borrowed or used there.

Technology Application Center
University of New Mexico
Albuquergue, New Mexico 87106

 Telephone (505) 277-3118, 3111

A NASA Regional Dissemination Center
providing bibliographic service. Has-access tc
all reports produced and collected by NASA,
except raw data collected by NASA’s Earth
Resource Aircraft Program. Provides c_ompleto'
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REFERENCES

bibliography on remote sensirj in three vol-
umes ($125) from 1962 to j. usent and up-
dated annually. Provides microfiche or hard
copy of included reports at cost and also
provides bibliographic' services including
searches. Sells Gemini and :.pollo photos.
Price lists available on request.

Earth Resources Research
Data Facility
NASA, Manned Spacecraft Center
Houston, Texas 77058
Telephone (713) 483-7681

Maintains reports, photos, and magnetic tapes
of raw data and reports produced from NASA
Earth Resource Aircraft Program. Material
available for use at facility only. Special ar-
rangements can be made for reproduction of
materials.

(RIGINAL
EPTEMBER 15, 197t

e ASTW Gl T AR AN VL vl e erd o Laaas TR an L ke

e T T E e

National Technical Information Service
Springfield, Virginia 22151
Telephone (703) 321-8543 Sales
. (703) 321-8523 Bib. Info. Ser.
(703) 321-8888 Gen. info. NTIS

A distribution center for reports prepased
with Federal funds. A biweekly abstract
joutnal is prepared for their new accessions,
U.S. Governmeht Researth and Development
Reports, that gives information necessary #or
ordering the reports; annual subscription
$30.00. Reports are now available in hasd
copy ($3.00) or microfiche ($0.95), if less
than 500 pages. A brochure describing all of
the services available can be obtained b

writing: ' :

Mr. Eric Tietz
Assistant to the Director
National Technical Information Service
Springfield, Virginia 22151
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THE FOLLOWING PAGES ARE DUPLICATES OF

1

ILLUSTRATIONS APPEARING ELSEWHERE IN THIS
REPORT. THEY HAVE BEEN REPRODUCED HERE B

A DIFFERENT METHOD TO PROVIDE BETTER DET il




 IMAGE FORMAT

Iwns-do . w1530 IW115.00 W114-301
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Figure 3-5. Bulk RBV Image Format - 9.5 Inch Film

This page is reproduced again ot the bock of
this report by a ditterent reproduction method
so os to fuinish the best possible detail to the
user.
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ORMAT
N IMAGE SAMPLE

.2 lmage Format and Annotation

mple of the Precision image is shown in
‘e 3-12. The alphanumeric and gray scale
¢<s at the left of the image area are copied

directly from the Bulk image. The tick marks
and alphanumeric annotation blocks in the
lower left and lower right corners are unique

to precision data and are explained in Table
3-4.

ANNOTATION BLOCK
AND GRAY SCALE

+ USA NASA ERTS!

yolisams 12, 117

11

30-MINUTE LONGITUDE COORD INATES
ALONG THE TOP EDGE OF THE TICK
MARK FRAME

W 30-MINUTE LATITUDE ¥

=R ;. COORDINATES ALONG W
z;! LEFT EDGE OF TICK 3
% MARK FRAME

L S
. .l el

P
&

50, 000-METER "'UTM" EASTING
COORDINATES ALONG BOTTOM
EDGE OF TICK MARK FRAME
{MAGE SCALE AND
BAR SCALES

-1 ity
B

i)
ACALE Y} 000000
[ Bl " - -

(1O FONE 17 A 3 ‘ .
QUL Bt T L m
L R " P n

o n

ATE LUk OJ00M I e K A

\CARTOGRAPHIC & POSITIONAL
DATA. BOTTOM LINE FOR
OTHER DATA

E-1032-16323 17345678 1

\ACQUISITION DATA

== IMAGE IDENTIFICATION
NUMBER

50, 000-METER "UTM'* NORTHING
COORDINATES ALONG RIGHT
24 EDGE OF TICK MARK FRAME

REGISTRATION MARKS
{4 PLACES)

Figure 3-12. Precision Processed Image Format
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